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AMENDED CLAIMS 
(received by the International Bureau on 12 February 1998 (12.02.98); 
original claims 1-78 replaced by new claims 1-21 <2 pages)! 

1. The use of a substantially nuclease resistant 
oligonucleotide having about 8 to about 80 nucleotides in the 
preparation of a medication for the treatment of infection by 
pathogenic bacteria. 

2 . The use of claim 1 wherein said bacteria, are gram 
positive. 

3. The use of claim 2 wherein said bacteria is selected 
from the group consisting of: Aerococcus, Listeria, 
Streptomyces, Actinomadura, Lactobacillus, Eubacterixm, 
Araehnia, Mycobacterium, Peptoatreptococcus, Corynebacterium, 
Eryaipelothrix, Dermatophilua , Rhodococcua, Bifodobacterium, 
Lactobacillus, Bacillus, Peptococcus, Microcoecua, Kurthia, 
Nocardia, Nocardiopsia, Rothia, Propionibacterixmi, 
Actinomycea, Pneumococcus, and Clostridia. 

4. The use of claim 2, wherein the bacterium is a member 
of the genus Staphylococcus. 

5. The use of claim 4, wherein the bacterium is 
Staphylococcus aureus. 

6. The use of claim 2, wherein the bacterium is a 
member of the genus Streptococcus. 

7. The use of claim 6, wherein the bacterium is 
Streptococcus pyogenes. 

B. The use of claim 6, wherein the bacterium. is 
Streptococcus pnewaoniae. 

9. The use of claim 2, wherein the bacterium is a 
member of the genus Enterococcus . 
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10. The use of claim 1 wherein said bacteria are gram 
negative. 

11. The use of claim 10, wherein the bacterium is a 
member of the genus PBeudomonae , 

12. The use of claim 10, wherein -the bacterium is a 
member of the genus iCleJbsiella. 

13. The use of claim 10. wherein the bacterium is a 
member of the genus Yerainia. 



14. The use of claim 10, wherein the bacterium is a 
member of the genus Neisseria. 

15. The use of claim 10, wherein the bacterium is a 
member of the genus Serratia. 

16. The use of claim 10 , wherein the bacterium is a 
member of the genus Shigella. 

17. The use of claim 10, wherein the bacterium is a 
member of the genus Haemophilus. 

18. The use of claim 10, wherein the bacterium is a 
member of the genus Mycobacterium. 

19. The use of claim 10, wherein the bacterium is a 
member of the genus ViJbrio. 

20. The use of claim 10, wherein the bacterium is a 
member of the genus Salmonella* 

21. The use of claim 10, wherein the bacterium is 
Escherichia coli. 
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ANTISENSE QLIGOmiCLEOTIDES AS ANTIBACTERIAL AGENTS 

The present application claims priority to United States 
Patent Application Serial No. 08/685,575, filed July 24, 
1996. 

5 

FIELD OF THE INVENTION 

The present invention is directed to methods for 
treating an animal, including a human, having a bacterial 
infection which comprise administering an oligonucleotide 

10 specifically targeted to, or otherwise -capable of interacting 
with, a bacterial sequence, or nucleic acid binding protein. 
The antibacterial oligonucleotide inhibits the growth of the 
bacteria, blocks the expression of virulence factors or genes 
involved in the transfer of genetic information, or kills the 

15 bacterid. Alternatively, the oligonucleotide may also fae 
targeted to an antibiotic resistance gene in order to render 
the bacteria sensitive to an otherwise ineffective 
antibiotic. The invention also relates to nuclease resistant 
oligonucleotides that are effective in inhibiting the growth 

20 of, or killing, pathogenic bacteria. 

« 

l.O, BACKGROUND TO THE INVENTION 
l.l, Antiblotie Prior Art 

Pathogenic bacteria responsible for infectious diseases 

25 were once thought to be totally under control through the use 
of a battery of antibiotics such as penicillin, streptomycin, 
tetracycline « and others. However, since the widespread use 
of antibiotics began in the 1950s, more and more bacteria 
resistant to one or more antibiotics have arisen. Multiple 

30 drug resistant strains are increasingly common, particularly 
in hospitals . 

Currently^ nosocomial Staphylococcal infections exhibit 
multiple drug resistance. See, for example. Archer et al., 
Antimicrob. Agents Chemother. 28:2231-2237 (1994). At this 
35 time, the remaining antibiotic that demonstrates the ability 
to kill Staphylococci is vancomycin. Strains of Cnterococci 
that are vancomycin resistanc have already been isolated and 
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reported by Zabransky et al., J. Clin. Microbiol. 11(4) :791- 
793 (1995). Furthermore, transfer of resistance from 
Encerococci to Staphylococci has been previously documented 
by Woodford et ai., J. Antimicrob. Chemother. IS: 179-184 
5 (1995) . Streptococcus pneumoniae is a leading cause of 
morbidity and mortality in the United Stat.es (M.M.W.R., Feb. 
16, 1996, Vol. 45, No. RR-1) . Each year these bacteria -cause 
3,000 cases of meningitis, 50,000 cases of bacteremia, 
500,000 cases of pneumonia, and 7,000,000 cases of otitis 

10 media. Case fatality rates are greater than 40% for 
bacteremia and greater than 55% for meningitis, despite 
antibiotic therapy. In the past. Streptococcus pneumoniae 
were uniformly susceptible to antibiotics; however, 
antibiotic resistant strains have emerged and are becoming 

IS widespread in some communities. 

In addition, there are instances where antibiotic 
resistance is not an issue, yet a particular bacteria remains 
refractory to treatment using conventional antibiotics. Such 
is the case with Escherichia coli 0157 :H7, the causative 

20 agent for food poisoning and death fxom undercooked meat. 
The Department of Agriculture estimates that 10 people die 
each day and another 14,000 become ill due to this bacteria. 
Unfortunately, conventional antibiotics are completely 
ineffective against this organism. 

25 The history of antibiotic treatment of pathogenic 

bacteria is cyclical. Bacteria are remarkably adaptive 
organisms, and, for each new antibiotic that has been 
developed, resistant bacterial strains arise through the 
widespread use of the antibiotic. Thus, there is a constant 

30 need to produce new antibiotics to combat the next generation 
of antibiotic resistant bacteria. Traditional methods of 
developing new antibiotics have slowed, and in the past two 
years only one new antibiotic has been approved by the FDA. 
Furthermore, according to Kristinsson (Microb. Drug 

35 Resistance 1(2) :121 (1995)), "There are no new antimicrobial 
classes with activity against resistant ^ram positives on the 
horizon . " 
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1.2. Antigens^ Nucleo tide Art 

Antisense polynucleotides are useful for specifically 
inhibiting unwanted gene expression in mammalian cells. They 
can be used to hybridize to and inhibit the function of an 
5 RNA, typically a messenger RNA, by activating RNase H or 
physically blocking the binding of ribosomes or proteins, 
thus preventing translation of the mRNA. Antisense 
oligonucleotides also include RNAs with catalytic activity 
(ribozymes) , which can selectively bind to complementary 

10 sequences on a target RNA and physically destroy the target 
by mediating a cleavage reaction. 

Antisense oligonucleotides that bind to the DNA at the 
correct location can also prevent the DNA from being 
transcribed into RNA. These antigene oligonucleotides are 

15 believed to bind to double -stranded DNA (forming triple - 
stranded DNA) and thereby inhibit gene expression. 

1.3. fntisens0 Mueleot idafl For Therapy 

The use of antisense oligonucleotides has emerged as a 
20 powerful new approach for the treatment of certain diseases. 
However, the preponderance of the work to date has focused on 
the use of antisense oligonucleotides as antiviral agents or 
as anticancer agents (Wickstrom, E.. Ed.. Prospect; g gog 

rueleic Acid Theranv of Cancer and AIDS . New York: 
25 Wiley-Liss, 1991; Crooke, S.T. and Lebleu. B., Eds., 

Antifiense n^ n^^irnh and Annl ications. Boca Raton: CRC Br^ss, 
1993. pp. 154-182; Baserga. R. and Denhardt. D.T.. 1992. 
Antisense Strategies , New York: The New York Academy of 
Sciences. Vol. 660; Murray. J.A.H.. Ed.. AnLiseiis£-EM-and 
30 DNA. New York: Wiley-Liss. 1993). 

There have been numerous disclosures of the use of 
antisense oligonucleotides as antiviral agents. Tor example, 
Agrawal et aJ. report phosphoramidate and phosphorothioate 
oligonucleotides as antisense inhibitors of HIV (Agrawal et 
35 al., Proc. Natl. Acad. Sci. USA £1:7079-7083 <1988)). 
Zamecnik ec al. disclose antisense oligonucleotides as 
inhibitors of Rous sarcoma virus replication in chicken 
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fibroblasts (Zamecnik et al., Proc. Natl. Acad. Sci. USA 
11:4143-4146 (1986)). 

There seem to be few to no toxicity problems associated 
with the use of antisense oligonucleotides as drugs to t«eat 
5 disease. To date, no dose limiting toxicities of 
phosphorothioate antisense oligonucleotides have been 
detected in man (Crooke, S.T.. "Progress in Oligonucleotide 

Therapeutics," Abstracts American ^e^ ociation 

BSSSSSSh, March 18-22, 1995; Crooke, S.T., "Progress in 
10 Oligonucleotide Therapeutics. " Abstraeir« n uaan.,^^.^^f ^^. 
p?sed ^:herape^pj^ffg, February 9-10, 1995), and 
phosphorothioate oligonucleotides have been found to have no 
effect on developing embryos (Guadette ee aJ., Antisense Res 
Devel. 1:391-397 (1993)). In fact, under an emergency IND 
15 approval, a 19-year-old male received 700 mg of an antisense 
phosphorothioate oligonucleotide to treat acute myeloblastic 
leukemia (Bayever et al.. Antisense Res. Oevel. i:a09-no 
(1992) ) . There were no changes in pulse, respiratory rate, 
blood pressure, fever, mucositis, or diarrhea in the patient. 
20 In addition, no neurological, cardiovascular, respiratory, 
renal, skin or nephrourological toxicities were observed.' it 
was concluded that systemic administration of a 
phosphorothioate antisense oligonucleotide to humans achieves 
adequate bioavailability of the drug to target tissues 
25 without major toxicity, in a follow up study, the antisense 
phosphorothioate oligonucleotides were given to five patients 
with acute myeloblastic leukemia. After systemic intravenous 
administration of the oligonucleotide, no toxic effects were 
seen. See Fig. 1 of Bayever et al., Antisense Res. Devel. 
30 1:383-390 (1993). The authors concluded that the favorable 
pharmacokinetics observed support the use of phosphorothioate 
oligonucleotides as potential gene specific therapeutic 
agents. 
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1.4. The Transport Problem For Oliopnucleotldes 

While the use of antisense oligonucleotides as antiviral 
agents has been described (Agrawal et al., Pat. No. 
5,194,428, issued March 16, 1993) « no significant progress 
5 has been made in the therapeutic use of antisense 
oligonucleotides ^o treat bacterial infection. In fact, at a 
recent meeting on Antibiotic Discovery addressing the current 
state of the art, there were no talks or discussions 
scheduled regarding the use of antisense oligonucleotides to 

10 treat bacterial infections, although the use of antisense 
oligonucleotides as antiviral agents was scheduled for 
discussion ("Antibiotic Discovery,*' Abstracts International 
Business Corr in uni cat ions . June 26-27, 1995) . 

Logically, the use of synthetic oligonucleotides should 

15 be advantageous as an approach to treating bacterial 

infectior& because sequences ^an be specifically designed to 
inhibit bacterial growth while not interfering with the 
metabolism of mammalian cells. 

In addition, oligonucleotides have been shown to 

20 nonspecif ically stimulate the immune system (Yamamoto et aJ., 
Antisense Res. Devel. 4:119-122 (1994); Kri«g et ai.. Nature 
J7i:S46-549 (199S)). Since current antibiotics generally 
function by arresting bacterial growth until the immune 
system can respond to the infection (Myrvik, Fundamentals of 

25 Medical Bacteriology . 1974, Lea & P^biger, Publishers), the 
use of oligonucleotides as antibiotics may provide both a 
nonspecific stimulation of the immune system as well as the 
relatively specific inhibition of the growth of a particular 
bacteria. 

30 furthermore, infectious bacteria have been shown to 

become sequestered in the liver and spleen in clinical 
infections (Wilson, G.S. and Miles, A. A., Eds., Toplev and 
Wilson* s Principles of Bacteriology and Immunology . Williams 
& Wilkins, Publishers, 1964) . Oligonucleotides, or more 

35 specifically S -oligonucleotides (phosphorothioate 

substituted) , have also been shown to accumulate in these 
organs (Agrawal et ai., Proc. Natl. Acad. Sci. ^SA 88:7595- 
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7599 (1991)). Therefore, the use of ancisense 
oligonucleotides should be ideally suited *o the treatment of 
bacterial infections involving the liver and spleen as well 
as systemic bacteremia and septicemia. 
5 The rigid cellular architecture of the prolcaryote has 

been viewed as a barrier to oligonucleotide upta)ce by 
bacterial cells (Chrisey ct al., Antisense Res. Devel. 1:367- 
381 (1993)). In fact, reports of antisense oligonucleotide- 
mediated gene inhibition in bacteria have attempted to 

10 circumvent the perceived problem of the rigid cell wall by 
conducting experiments in cell -wall deficient strains 
(Jayaraman et al.. Proc. Natl. Acad. Sci. USA 2i:lS37-l-54l 
(1981)). in competent bacterial cells (Ciferri ec al., J. 
Bacteriol. 101:684-688 (1970)). in heat-shocit permeabilized 

15 bacteria (Gasparro et al.. Antisense Res. Devel. i:il7-i40 
(1991)). in hypertonic solutions (Chrisey et aJ., Antisense 
Res. Devel. 1:367-381 (1993)), and using PEG-modifi«d 
oligonucleotides (Rahman et al., Antisense Res. Devel. A:319- 
327 (1991)). none of which has relevance to creacing clinical 

20 bacterial infections. 

Lupslci et al . , Pat. No. 5,294,^33 ('533 patent), stated 
chat antisense oligonucleotides can preferentially inhibit 
the growth of Gram negative and Gram positive bacteria in a 
mixed culture of Gram negative and Gram positive bacteria. 

25 Lupski et aJ. also taught that end-capped oligonucleotides 
should be used (see column 4, lines 39-42), but since end- 
capping does not provide protection from intracellular 
endonucleases (see the discussion of KoJce et al. above), one 
skilled in the art would not expect the method of Lupski et 

30 al. to work. Thus, the '533 patent does not provide an 

enabling description of the use of antisense oligonucleotides 
to inhibit the growth of bacteria in vivo in mammals. 

Moreover, the ' 533 patent did not disclose the genotype 
of the bacteria used in the study. Thus, there is no way to 

35 establish whether clinical isolates were used or permeability 
enhanced bacterial mutants were used. Additionally, the '533 
patent does not provide adequate teaching to allow one to 
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m 

discern whether or not the described bacteria had -been 
previously rendered competent by established prior art 
methods. In view of this lack of disclosure, the '533 patent 
does not teach methods that are broadly applicable to 
5 clinically significant bacterial infections in mammals. 
The prior art teaches the inherent difficulty of 
successfully using oligonucleotides to inhibit the growth of 
intact bacteria (Jayaraman et al. and Ciferri et al.), and 
the '533 patent does not provide sufficient disclosure to 

10 refute the clear teaching in the prior art. Instead, the 
'533 patent simply states that: "A small 10-29 mer antisense 
oligonucleotide that is delivered to a bacteria is rapidly 
transported into the bacterial cells." This statement is 
clearly contrary to what is taught by the prior art. 

15 The prior art has never conclusively established that 

the growth of wild type bacteria may be inhibited by either 
nuclease resistant or nuclease sensitive oligonucleotides. 
It was also well known that methylcarbamate modified 
oligonucleotides {the methylcarbamate replaced the 

20 phosphodiester bonds) of three and four nucleotide units, and 
methylphosphonates longer than four nucleotide units could 
not enter Escherichia coli cells (Jayaraman et al.. Proc. 
Natl. Acad. Sci. USA 2fi:1537-lS4l <1981) . Rahman et al.. 
Antisense Res. Devel. 1:319-327 (1991)). Thus, the prior art 

25 teaches that the alleged results described in the '533 patent 
conflict with previously reported results from bacterial 
experiments using nuclease resistant oligonucleotides, or 
phosphodiester oligonucleotides. 

In 1993, Chrisey reported uptake in vitro of 

30 phosphorothioate oligonucleotides into Vibrio bacteria under 
hypertonic conditions, and were only able to show uptake when 
the cells were grown under conditions that enhanced the 
permeability of the bacterial cells (i.«., in a hypertonic 
minimal medium) . From these data, Chrisey et al . concluded 

35 that, in enriched media (blood, serum, and other 

extracellular fluids) . oligonucleotides may not be preferred 
antibacterial agents for use in vivo. 
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1.5. oiiaonueleotidea Antiba«feftyr^al AaentS 

As discussed above, essentially five publications have 
addressed the possibility of using oligonucleotides -to 
inhibit bacterial growth. 7our out of five of these 
5 publications (Rahman, Chrisey, Jayaraman. and Gasparro) teach 
that oligonucleotides are not able to inhibit the growth of 
unmodified (intact) bacteria. Additionally, the last 
reference (Lupski) provides no teaching of how to inhibit the 
growth of intact bacteria, and provides no illustrative 
10 examples that such inhibition is indeed possible. 

Taken as a whole, the above publications would have not 
provided a reasonable expectation that one could in fact use 
oligonucleotides to inhibit the growth of intact bacteria. 
The inadequacies of the background art may be explained by 
15 the fact that the present applicants have discovered that at 
least several features of the design, preparation, and use of 
oligonucleotides may affect antibacterial efficacy. These 
features include, but are not limited to: 1) the dose of 
oligonucleotide; 2) the length of the oligonucleotide; 3) the 
20 growth conditions used during the in vitro assay; 4) the 
chemical backbone of the oligonucleotide; and 5) the method 
of post -synthesis purification, Each of these features are 
discussed in greater detail below. 

The dose of oligonucleotide may significantly effect the 
25 observed amount of growth inhibition. Fig. I shows that the 
percent of inhibition varies from 100% down to about 19* as 
the dose of oligonucleotide is reduced from 285 iM to 5 iM in 
a standard MIC assay (described in Section 4.5. infisa) • Ot 
the background references, only Rahman and Jayaraman taught 
30 concentrations of oligonucleotide that fall within the 

disclosed range (but observed little to no inhibitory effect 

against intact bacteria) . 

The applicants have also found that the length of the 
oligonucleotide is directly related to its ability to 
35 specifically bind and inhibit the normal function of the 

target sequence. Shorter oligonucleotide sequences generally 
have a reduced Tm (duplex mel-ting temperature) and are thus 
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more likely to cause undesirable side uef f^cts of nonspecific 
binding or have no effect. <3ao et al . , Molec. Pharm. 11:223 - 
229 (1992) have shown that, using an in vitro enzymati-c 
assay, the inhibitory effect of an oligonucleotide sequence 
5 increased as the length of the oligonucleotide was 
progressively increased from a 7roer up to a 26mer. Gao et 
aJ. observed no specific inhibitory activity when a 7mer was 
tested. Of the cited references, Rahman, Jayaraman, 
Gasparro, and Chrisey used oligonucleotides that were a 

10 maximum of only 12 bases in length- Typically, 

oligonucleotides as short as the disclosed 12mers show a high 
degree of nonspecific binding. Lupski chose sequences of 
about 25 bases in length but the majority of the disclosed 
sequences comprised a high degree of degeneracy which allows 

15 for binding to multiple target si-tes. For example, 
oligonucleotides comprising bases such as inosine, or 
(which indicates the use of A, C, G, or T) , are usually 
produced when one wishes to allow binding to sequences where 
the precise target sequence is unknown (Ohtsuka «t al . , J. 

20 Biol. Chem. 2fi0:2605 (1985)). Sequences with such broad 
based homology run the risk of nonspecific binding to host 
sequences and associated toxicity effects. Additionally, 
Lupski 's teaching is inherently suspect given that no data 
demonstrating the inhibition of bacterial growth was 

25 provided. 

It should also be noted that shorter oligonucleotide 
sequences generally have reduced Tm's. The oligonucleotides 
taught by Rahman, Jayaraman, Gasparro, and Chrisey were 
generally so short that the Tm's for the oligonucleotide- 

30 target sequence hybrids were usually below 37" C. For 
example, the 12mer phosphorothioate sequence taught by 
Chrisey has a predicted Tm of 28. 9» C, the 9mer taught -by 
Gasparro had a predicted Tm of 24.7*> C, and the 7mer 
(AGGAGGT) taught by Jayaraman and 4mer ((XSAG) taught by 

35 Rahman both had a predicted Tm's well below 10 • C. <3iven 
these data, it is clear that oligonucleotides of the length 
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taught by these references are generally not useful as 
antisense or antigene agents under physiologic conditions. 

The growth rate and conditions under which antibiotic 
susceptibility are measured may profoundly effect a 
5 bacterium's sensitivity to antibacterial agents (Arrow et 
al.« Antimicrob. Agents Chemother. 2£:507 (1964)), and the 
uptake of the antibiotic into the cell (Arrow et al., 
Microbiol. Rev. 51:439-457 (1987)). Accordingly, methods for 
screening oligonucleotides in vitro for antibacterial 

10 activity should generally be conducted under standardized 
conditions that reflect the in vivo circumstances of a given 
pathogen such as the NCCLS MIC tests (see Section 4.5, 
infra) . None of the bac)cground references recognized that 
growth conditions might effect -the result of antibiotic 

15 susceptibility tests, and thus none of these references 
assayed for the inhibition of bacterial growth using the 
standardized growth conditions defined in the MIC tests. 

Among other things, the antibacterial efficacy of an 
oligonucleotide may be directly related to the relative 

20 nuclease resistance of the chemical backbone of the 

oligonucleotide. Gasparro and Lupski did not recognize this 
facet of the present invention and thus did not teach 
oligonucleotides that were designed to be nuclease resistant. 
Consequently, the oligonucleotides used by Gasparro and 

25 Lupski would have been rapidly degraded by the cell (see 
Section 1.6, infra), and would thus have little utility as 
antibacterial agents. 

Additionally, the post -synthesis handling and 
purification of the oligonucleotides may profoundly effect 

30 antibacterial efficacy. None of the background references 
recognized the particular importance of post* synthesis 
handling, and thus none of the references explicitly suggest 
or describe purification protocols that produce effective 
antibacterial oligonucleotides. 

35 In summary, none of the background references recognized 

the importance of the features described above. In brief, 
Rahman and Jayaraman both failed to provide explicit teaching 

- 10 - 
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of oligonucleotides of the correct length, the use of proper 
susceptibility assays, or the correct purification scheme; 
Gasparro failed to explicitly teach the correct dose of 
oligonucleotide, oligonucleotides of the correct length, the 
5 use of proper susceptibility assays, the importance of 
nuclease resistant backbones, or the correct purification 
scheme; Chrisey failed to explicitly teach the correct dose 
of oligonucleotide, oligonucleotides of the correct length, 
the use of proper susceptibility assays, or the correct 

10 purification scheme; and Lupski failed to explicitly teach 
the correct dose of oligonucleotide, the use of proper 
susceptibility assays, the importance of nuclease resistant 
backbones, or the use of purified oligonucleotides. The 
background references, considered as a whole, failed to 

15 recognize the importance of all of the features described 
above. Furthermore, none of the background references used 
intact clinical isolates for their studies. Accordingly, the 
use of oligonucleotides to inhibit the growth of clinically 
relevant (i-e., intact) strains of bacteria remained elusive. 

20 Conversely, the present disclosure teaches the importance of 
all of the above features, and integrates all of them to 
provide the first teaching of the use of antibacterial 
oligonucleotides to inhibit the growth of <:linically relevant 
bacterial pathogens. 

25 

1.6. Mueleaae Rceista nt: Olioonueleotides 

It has been demonstrated that the fate of internalized 
oligonucleotides is critical to the success of antisense gene 
therapy (Bennett, Antisense Res. Devel. 2:235-241 (1993)). 

30 The rapid intracellular degradation of oligonucleotides is a 
barrier to efficient inhibition of gene expression. One of 
the major problems in utilizing naturally occurring 
phosphodiester oligonucleotides is their rapid degradation by 
nucleases in mammalian cells or in serum- containing culture 

35 medium (Cohen, Qliaodeoxy pig^eotides : — Ar)t;j,sgnse Inhi^bitors 
nf Ggne Expression . Boca Raton, Fla., CRC Press (1969)). 
There is abundant evidence that modification of the backbone 

* 
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of oligonucleotides confers varying degrees of nuclease 
resistance. Hoke et al.. Nucl. Acids Res. 12:5743 (1991) 
compared phosphodiester backbone oligonucleotides -to fully 
modified phosphorothioate backbone oligonucleotides, and to 
5 chimeric phosphodiester and phosphorothioate backbone 
oligonucleotides. Hoke et al. demonstrated that the 
phosphorothioate oligonucleotides were degraded up to 4S 
times slower than the phosphodiester or chimeric backbone 

oligonucleotides . 

10 There have been reports that chimeric oligonucleotides 
that are end-capped with nuclease resistant backbone linkages 
are resistant to degradation (Cohen. -Oligodeoxynucleotides: 
Antisense Inhibitors of Gene Expression." Boca Raton. Fla.. 
CRC Press (1989)). However. Hoke eC al. teach that capped 

15 oligonucleotides are rapidly degraded by intracellular 

endonucleases. and thus, that capping oligonucleotides with 
nuclease resistant modifications may not be sufficient for 
sustaining pharmacological activities of oligonucleotides in 
cells Finally. Hoke et al. concludes that while capping of 

20 oligonucleotides may provide protection from exonucleases in 
cell culture, the action of intracellular endonucleases is 
sufficient to degrade these capped oligonucleotides when they 

enter a cell. j. j 

Hoke et al. is corroborated by Gao €C al. who studied 

25 the relationship between the structure of the 

phosohodiester/phosphorothioate chimeras and nuclease 
resi'stance. Gao ec al. showed a correlation between the 
number of phosphorothioate linkages and nuclease resistance 
of the oligonucleotide. 

30 Extending these concepts. Zhao et al.. Antisense Res. 

Devel. i:53-66 (1993), have looked at the effects of backbone 
modifications on cellular uptake of oligonucleotides in 
eukaryotes. This is an important property as the efficacy of 
an antisense oligonucleotide will be influenced by cellular 

35 uptake. Zhao et al. demonstrated that cell surface binding 
and uptake was greatest for phosphorothioate oligonucleotides 
followed by phosphodiester/phosphorothioate chimeras, and 
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finally by phosphodiester backbone oligonucleotides. Chrisey 
finally oy p f , .-.g^.^Bi (1993) . looked at the 

ec al.. Ancisense Res. Devel. 1:367-3BX ussJi. 
uptake and stability of phosphodiester and phosphorothxoate 
backbone oligonucleotides by bacteria under hypertonic 
5 conditions. Chrisey ec al. concluded that phosphorothxoate 
6mers were relatively resistant to nuclease actxvxty xn 
Vibrio parahae«.o2yticu5 cells and were relatively non-toxxc. 
However. Chrisey et al. did not demonstrate that the 
internalized emers had antimicrobial activity. 
10 various modifications to the oligonucleotide backbone 

have been found to inhibit nuclease degradation. ^Such 
nuclease resistant modified nucleotides are well descrxbed xn 
the literature and include, but are not limited to. the 
methylphosphcnates. o-ethoxy deoxyribonucleotides. p-echoxy 
15 2'-0-methyl ribonucleotides. 2'-0.methyl rxbonucleotides. 
phosphorothioates. and others. A brief description of 
'eprLentative nuclease resistant oligonucleotide backbones 

follows: ..^ 
Methylphosphonate oligonucleotides, xn addxtxon to 

.0 exhibiting enhanced nuclease resistance, also have increased 

hydrophobicity over phosphodiester oligonudeotxdes and 

therefore have greater permeability to cell membranes as 

compared to phosphodiester or other more highly charged 

oligonucleotides. 
25 p-Ethoxy deoxyribonucleotides have an ethyl group o- 

linked to the phosphate backbone. p-Ethoxy 
deoxyribonucleotides are resistant to nuclease degradation. 
p-Ethoxy ribonucleotides have the following structure: 
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3* 

20 

Phosphorothioates are compounds in which one of the non- 
bridging oxygen atoms in the phosphate backbone of the 
nucleotide is replaced by a sulfur atom. The 
25 phosphorothioates are resistant to cleavage by nucleases and. 
since they have the same number of charged groups as 
phosphodiester oligonucleotides, have good solubility m 
water. These compounds also exhibit more efficient 
hybridization with complementary DNA sequences than the 
30 corresponding methylphosphonat* analogues. 

Methyl carbonates are compounds in which one of -the 
nonbridging oxygen atoms in the phosphate backbone has been 
replaced by a methyl carbonate group. ^. ^ ^ 

2'-0-methyl ribonucleotides are compounds in which the 
35 2' position of the ribose sugar ring has a methoxy group in 
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ribonucleotides have the fcUo-ios 9.n.r.l structure. 



5' 



MM* 



10 



15 




OMe 



20 

y 

secondary structure «n also be used ^° -J;^ . 
„ cXisonucleotide. resistant to ^ ^n ' .- tKn. -terminus, 
.ith . nairpin loop structure e«.ndina 

i-.i™ Che oIlBonucleotide against 3 -nucieoiy 
stabiliiing the oiigonu coulson. Nucl. 

dagradation. ha.e bean reported by K»n a ^^^^ 

«ids Res. Ji.U) =»5'-'«« ""'„^'^°U.t -a. 
3, oli^onuclaotide tro. ^"^--" '^ ^^^euation. 

""•"rr::." '.^ riratr:: ouU-otid.. c.n .iso 

r.^rfn'^l.onucleotide resi^^^ 

for example, attachxng ^ .^^^^^^ ^'O' or 

35 fluorescein. DNP, amine groups. ^^^^^^ 

^ -wa i vW^ no the end o£ cne 
5. -5') linkages, and the like ^to ^^^^^^^ ^^^.^^^^^ 

oligonucleotide in order to render n: mo 
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2.0. ^»r~>p,r OP T«f; jvivtaniov 
The present invention relates co methods for the 
creat.ent of animals, including humans, that ^-e^^ 

The preferred method of treatment comprises the 
S r ;ra o/:: a purified antibacterial oligonucleotide 
having about 8 to about 80 nucleotides to the anxmal .n an 
TZ:. sufficient to inhibit bacterial ^^^^ ' 
symptom of the infection, or in an amount eff^ct.ve 

'"The'purif ied antibacterial oligonucleotides of the 
preseirinvention will preferably bear an enhanced abxUty^to 
present inven bacterial cells relative to previously 

inhibit the growth of bacterial ^resent 
disclosed oligonucleotide preparations. The present 

^.^ ^^-f.c^ disclosure of tne use ox 
invencion also represents the first clini<:ally 
15 oligonucleotides to inhibit the growth of ^"'^^^/^^^"^"^"^ 
!vant bacteria. The oligonucleotides generally inhi*,it 

blllerial growth by acting as antisense or antigene 
bacteriai g* j taraet«d <o 



10 



tacceriax grow." °' .^„..ien (.hen frgeMd « 

inhibitors of b.cteri.1 gen. ^ .pc.«ric.Uy 

bacceri.l nucleic acid sequences) , or by accing p 
„ " aulr the function of specific b.ct.ri.1 protein, or 
pll^eptides ,.hen ..««ieti«9 target .»ino «:id 

L i. b.cteri.1 peptide., ^'VPeptides^an protexn., . 

Alternatively, the oligonucleotide, .re "/''"//".^^^^^ 
antibiotic resistance gene CO ^ ^^^^.^ " .he 

2S to a conventional antibiotic. In preterreo e 

I^tibacteri.1 Oligonucleotide, .re substantxally nuclease 
resistant (i.e.. resistant to nuclease ^""'Vl. 

Additional e.a>odi~»t. of the present invention are 
antibacterial oligonucleotide, that have been pr^uced b^ a 
30 proce.. that enhances the oligonucleotide' s an»b.cterr.l 
.ctivity. m particular, the presently 

.^i^^riH/iR will be produced, or otnerwise 
antibacterial ol^g*'""*^^^^"'**" ^ individually or in 

purified, by a process comprising either indiviou y 
puririea. «y f reverse phase chromatography, 

combination ion exchange or reverse pna 

35 extractions, precipitations, a-^^^^"**^^;^'^''^'"' 
diafiltration or functional equivalents ^olumn 
Chromatography may be by traditional of methods or High 
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performance Li<^i6 Chromatography (HPLC) . fast performance 
Pertorma m . and the like. Additionally, 

liquid chromatography (f PLC) . ana tne ix ^,..^i„„ 
th! oligonucleotides may be purified by processes including, 
for example, extraction or precipitation with alcohols or 

c oraanic solvents. ' ^ - n 

The present invention further contemplates the use of 
the described antibacterial oligonucleotides, in conjunctxon 
with an acceptable pharmaceutical carrier, to prepare 
medicinal compositions €or the treatment of bacterxal 

XO rnfections in anin«ls. and more preferably manuals, xncludxng 

humans. 

Figure 1 shows a dose response <:urve of different 
.S concentrations of antibacterial on.onuc-otide HBT CS«, 
ID NO. 61) when tested against Bschera^haa colx ATCC 

^'^^"pi:: -2 T-iaes a nonexhaustive graph of the types of 
bacterid genes which proved susceptible to inhibition by 
.0 Ttb «er!al oligonucleotides. The ordinate shows^ he 
.,t.aories of bacterial genes defined in Table 2 (A-Wl . 
^"^'pir- 3(a-c) show the percent inhibition of the growth 
of the indicated target bacteria alter addition of the 
indicated oligonucleotide as a 

Figures 4 (a-c) show the percent inhibition of t*^e growth 
of the indicated target bacteria after addition of the 
indicated oligonucleotide as a function of time _ ^ 

Figures 5 (a and b) show the percent inhibition of the 
erowth oHhe indicated target bacteria after addition of the 



25 



30 indicated oligonucleotide as a function of time. 

Figures 6(a-t, are plots of log bacterial growth and 
accompanying control culture) as a ^-«^on <^ time aeter 
the addition of the indicated 

indicates oligonucleotide sequence 
35 from Table 1. infra) . A clinical isolate of ^sc^erachia col. 
accession No. 3S2xe ^multiple drug resistant was used 
in the experiments corresponding to figures « (a-t) . 
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Figures 7(a-j) are plots of log bacterial growth (and 
accompanying control cultures) of the penicillin resistant 
clinical isolate of Staphylococcus aureus ATCC accession No. 
13301 as a function of time after the addition of the 
5 indicated oligonucleotide. 

Figures 8 shows that animals challenged with -the 
bacterial pathogen Escherichia coli show a significant 
increase in survival after treatment with oligonucleotide 114 
(SEQ ID NO. 112) relative to nontr^ated control animals. 

10 Figure 9 shows that test animals infected with the 

bacterial pathogen Staphylococcus aureus show a significant 
increase in survival after treatment with the variant of 
oligonucleotide 114 (SEQ ID NO. 112), ^OT 114.21, relative to 
nontreated control animals. 

15 Figures lO(a-b) show the results observed when the 

indicated antibacterial oligonucleotides were tested for 
bactericidal activity against Staphyl<:occus aureus using a 
standard overnight MIC assay. 

Figures 11 (a-b) show the results observed when the 

20 indicated antibacterial oligonucl-eotides were tested for 
bactericidal activity against Serratia liquefaciens using a 
standard overnight MIC assay. 

Figure 12 shows the results obtained when the Indicated 
antibacterial oligonucleotides were tested using a standard 

25 MIC assay against Staph, aureus. 

Figure 13 shows the results obtained when a variety of 
different length versions of the indicated antibacterial 
oligonucleotide were tested using a standard MIC assay 
against Staph, aureus. 

30 Figure 14 shows the results obtained when drug sensitive 

and drug resistant Staph, aureus were treated with 
oligonucleotide 114, and ampicillin. 

Figure 15 shows the results of a standard MIC assay 
using oligonucleotide MMT 114.15 against P. aeroginosa strain 

35 10145. 

Figure 16 shows the results of a standard MIC assay 
using SOT 114.21 against Str-ep. pyogenes strain 14289. 

. IS - 
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Prior to the present invention, clinically relevant 
bacterial pathogens were largely immune from treatment with 
antisense oligonucleotides. The reasons that the prior art 
5 oligonucleotides were ineffective against these pathogens 
include the dosages used, the lack of nuclease resistance of 
the oligonucleotide or the choice of the backbone, the length 
of the oligonucleotide, and the method of purification. 

The present invention describes a method for generating 

10 oligonucleotides having the novel property of being capable 
of having bacteriostatic or bactericidal effects on 
clinically relevant bacterial pathogens. The 
oligonucleotides generated using the presently described 
methods are contemplated to be able to exert antibacterial 

IS effect both in vitro and in vivo. Typically, the 

antibacterial oligonucleotides will be targeted to bacterial 

• sequences where, after associating with or binding to the 
target sequence, the oligonucleotide disrupts the normal 
function of the target sequence. The antibacterial effect of 

20 the oligonucleotide may be caused by either specific or 
nonspecific association as long as bacterial growth is 
inhibited. 

Accordingly, particularly preferred embodiments of the 
present invention include the novel antibacterial 

25 oligonucleotides, methods of making the antibacterial 
oligonucleotides, and methods of using the novel 
antibacterial oligonucleotides to treat bacterial infection. 

Given that bacterial infection is a particularly 
problematic complication in immunocompromised individuals 

30 such as patients suffering from acquired immunodeficiency 
disease syndrome (AIDS). HIV infected individuals, patients 
undergoing chemotherapy or radiation therapy, etc . . an 
additional embodiment of the presently described invention is 
the use of the presently described antibacterial 

35 oligonucleotides to treat immunocompromised patients. 
In a particularly preferred embodiment, the 
antibacterial oligonucleotides may be used to treat bacterial 
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infections in conjunction with similarly engineered antiviral 
oligonucleotides that are directed to any of a wide variety 
of human viruses including, but not limited to, adenovirus, 
human immunodeficiency virus, human leukemia virus, rhino 
5 virus, herpes virus, human papilloma virus, respiratory 
syncytial virus, cytomegalo virus, Epstein bar virus, 
hepatitis virus (A, B, C and delta), etc. Accordingly, an 
additional embodiment of the presently described invention 
are mixed oligonucleotide compositions that comprise both 

10 antiviral and antimicrobial (e.g., antifungal, antibacterial, 
antiparasitic, etc.) oligonucleotides. Preferably, the 
relative ratios of the oligonucleotides present in such 
compositions shall be adjusted to target bacterial, 
parasitic, fungal, yeast, and viral pathogens that are 

15 generally associated as secondary infectious sequelae of 
infection by one another. 

An additional embodiment of the present invention are 
therapeutic oligonucleotides that fuse one or more sequences 
with known antimicrobial, antibacterial, or antiviral 

20 therapeutic activity. Such fusions are deemed to constitute 
novel compositions having broad spectrum activity against 
multiple and distinct bacterial species, as well as broad 
antiviral and antibacterial activities. Similarly, 
oligonucleotides bearing multiple active sequences, or mixed 

25 compositions of antibacterial oligonucleotides, may be used 
to target the activity of a gene product in an pathogen by 
blanket targeting of the DNA (via triplex inhibition, 
disrupting DNA replication, etc.) and RNA (via RNase H 
activation or directly disrupting translation, etc.) encoding 

30 the activity of interest, as well as by aptameric inhibition 
of the gene product. 

Where the therapeutic use of the presently described 
antibacterial oligonucleotides is contemplated, the 
antibacterial oligonucleotides are preferably administered in 

35 a pharmaceutically acceptable carrier, via oral, intranasal, 
rectal, topical, intraperitoneal, intravenous, intramuscular, 
subcutaneous, intracranial, subdermal. transdermal, 

- 2^ • 
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intrathecal n^ethods, or *he lilce. Typically, the preferred 
formulation for a given antibacterial oligonucleotide is 
dependent on the location of <he target organism in the host 
animal or the location in a host where a given infectious 

5 organism would be expected to initially invade. 

For example, topical infections are preferably treated 
or prevented by formulations designed for topical 
application, whereas systemic infections are preferably 
treated or prevented by administration of compositions 

10 formulated for parenteral administration. Additionally. ^ 
pulmonary infections may be treated both parenterally and by 
direct application of the antibacterial oligonucleotides to 

the lung by inhalation therapy. 

Additionally, as oligonucleotides are cleared from the 

15 bloodstream, they can often accumulate at "1^-^-^^^^^^ 
levels in the kidneys, liver, spleen, lymph glands adrenal 
gland, aorta, pancreas, bone marrow, heart, and salivary 
glands. Oligonucleotides also tend to accumulate to a lesser 
extent in skeletal muscle, bladder, stomach, esophagus. 
20 duodenum, fat. and trachea. Lower still concentrations are 
typically found in the cerebral cortex, train stem, 
cerebellum, spinal cord, cartilage, .kin. thyroid and 
prostate (see generally Crooke. X993. Antisense Research and 
Applications. CRC Press. Boca Raton. FL) . Interestingly. 
25 pathogenic bacteria also tend to accumulate in many of the 
above organs. Consequently, the presently described 
antibacterial oligonucleotides can be used to "rget 
bacterial infections in specific target organs and tissues, 
one of ordinary skill will appreciate that, from a^ 
30 medical practitioner's or patient's perspective, visually 
any alleviation or prevention of an undesirable symptom 
(e.g.. symptoms related to the presence of bacteria in the 
body) would be desirable. Thus, the terms "treatment- 
-therapeutic use", or -medicinal use" used herein shall refer 
35 to any and all uses of the claimed antibacterial 

oligonucleotides which remedy a disease state or ^y-^^^' ^ 
otherwise prevent, hinder, retard, or reverse the progression 
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of disease or other undesirable symptoms in any way 

whatsoever. ^ 

preferably, animal hosts that may be treated using the 
oligonucleotides of the present invention include, but are 
5 not limited to. invertebrates, vertebrates, birds (such as 
chickens and turkeys. «tc.) fish, mammals such as pigs, 
goats, sheep, cows. dogs. cats, and particularly humans. 

When used in the therapeutic treatment of disease, an 
appropriate dosage of an antibacterial oligonucleotide, or 
10 mixture thereof, may be determined by any of several well 
established methodologies. For instance, animal studies are 
commonly used to determine the maximal tolerable dose, or 
MTD. of bioactive agent per kilogram weight. In general, at 
least one of the animal species tested is mammalian. Those 
15 skilled in the art regularly extrapolate doses for eff «:acy 

and avoiding toxicity to other species, including human. 
• Before human studies of efficacy are undertaken. Phase I 
clinical studies in normal subjects help establish safe 
doses. Additionally, therapeutic dosages may also be altered 
20 depending upon factors such as the severity of infection, and 
the size or species of the host. , 

The presently described antibacterial oligonucleotides 
may also be complexed with molecules that enhance their 
ability to enter the target cells. Examples of such 
25 molecules include, but are not limited to. carbohydrates, 
polyamines. amino acids, peptides, lipids, and molecules 

vital to bacterial growth. 

Additionally, the antibacterial oligonucleotide may be 
complexed with a variety of well established compounds or 
30 structures that, for instance, further enhance the in vivo 
stability of the oligonucleotide, or otherwise enhance its 
pharmacological properties (e.g.. increase in vivo half -life. 

reduce toxicity, etc.). 

The use of synthetic oligonucleotides are advantageous 

35 as an approach to treating bacterial infection because 

sequences can be specifically designed to inhibit bacterial 
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cells. . telaws to oligonucleotides 

present .„ivit, in vitro. In 

t,„.t h.y. demonstrated ^„ .„cib«=t.ri.l 

, particular, the "l'^- ^^^-^l.^, ,„ry 

concentration) " the tre.t~nt oE a 

^"""ilrin'£e«i» with antibiotics. Without pretreat«nt 
bacterial inf eccxon without PEG- 

" of the .acteria - J^^^^^^^^ oU.onuc.eoti.s o. 

^dificatxon of the oUg ^ ^.y^^idize to a targeted 

Che present ^^^""^ J/^.t^polynucleotide (DKA or RHA. to 
region of a chosen ^ that polynucleotide *o 

effectively inhibit the -''^^^^^ ^^^^ ^„,^ed product 

. -K^rwise inhibit the target 

or P"«- ; :\Ke bacterium, thereby causing 
sequence's nor««l func^ ^^^^^^^_ ^^^^^^^ 

a bacteriostatic or bacteri . ^^^^ic or 

oligonucleotides may exert their .^^^^ion o£ 

20 bactericidal effects through binding 

protein ^he invention uses 

in a preferred -^'"^""''j"^.^^^^ „„^uase resistant, 
oligonucleotides that are derivatized by 

.His includes ^^-^^^fs "^^^^^^ 
25 phosphorothioate ' oligonucleotides. 

ethoxy 01^9°-^^^""'^: rrages. and any other backbone 
pbosphoramidates. ^^^^^^^ ^^^^ Edifications, which render 
edifications, as wel^^^ resistant to endogenous 

the oli^on^f^^'^^;^,,^,,, ^^^^3 rendering an 
30 nuclease activity. Aoai include, but are not 

oxisonucleotide nuclease ^iZ^^^rine or pyri.idine 
United to. -ale-^/jr;,^^^^^^^^^ Por example, bases 

bases that comprise the otherwise 
„«y be methylated, f^f,' the oligonucleotides . 

33 substituted <^^Vcosylatt -^^^^^^ 
comprising the modified bases are 

nuclease resistant. 
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The present invention further relates to .compositions 
comprising nuclease resistant antibacterial oligonucl^oti^s. 
These compositions generally comprise the oligonucleotide (or 
a mixture of oligonucleotides) and a physiologically 
5 acceptable carrier. After administration, the 

oligonucleotides enter the bacterial c«ll and bind to the 
target. The target may be a polynucleotide where 
hybridization to the oligonucleotide results in an inability 
of the polynucleotides to serve as templates for their 
10 encoded products. When the target is a protein, the bound 
oligonucleotide protein complex is inhibited relative to 
normal protein function (aptameric effect) . As a result, 
growth of the bacteria are inhibited and the effects of the 
bacteria on the animal are less than they would have been if 
15 the oligonucleotides had not been administered. 

optionally, the presently described antibacterial 
oligonucleotides may be formulated wi*h a variety of 
physiological carrier molecules. For example, the 
antibacterial oligonucleotides may be combined with a lipid 
20 (or cationic lipid), the resulting oligonucleotide/ lipid 
emulsion, or liposomal suspension may. inter alia, 
effectively increase the in vivo half-life of the 
oligonucleotide. The use of cationic, anionic, and/or 
neutral lipid compositions or liposomes is generally 
25 described in International Publications Hos. WO 90/14074. ^0 
91/16024, WO 91/17424. Pat. No. 4,897,355, herein 
incorporated by reference. 

The antibacterial oligonucleotides of the present 
invention may also be introduced into bacteria af*er being 
30 complexed with cationic lipids such as DOTMA (whi<:h may or 
may not form liposomes) which complex is then contacted with 
the target cells. Suitable cationic lipids include, -but are 
not limited to, N- (2.3-di (9- (Z) -octadecenyloxyl) ) -prop-l-yl- 
N.N.N-trimethylammonium (DOTMA) and its salts. l-O-oleyl-2-0- 
35 oleyl-3-dimethylaminopropyl-/J-hydroxyethylammonium and its 
salts and 2.2-bis (oleyloxy) -3- (trimethylammonio) propane and 
Us salts By assembling the antibacterial oligonucleotides 



- 24 - 



wo 98A)3533 



FCT/US97m961 



into lipid-associated structures. *he antibacterial 
Xisonucleotides ™ay be targeted to specific bacteria .ell 
types by the incorporation of suitable targeting agents 
(I.e.. specific antibodies or receptors) into the 
5 Oligonucleotide/lipid complex_ ,,,„ibed purified 

In another embodiment, the presentJ-y 
oliQOnuoleotidee may be complexed «lth .dditional 

W t.ri.1 events. AdditicneUy. the -"-ibed nucU«e 
re.i.t«.t antibacterial oligonucleotide, may .1.0 be Unfc«i 
„ n l conventional antibiotic or other chemical group that 
inhibits bacterial gene expression. 

Taving a demonstrated activity in vitro, the preeently 
de«:rih.d antibacterial oligonucleotide, are al.o 
contemplated to be effective in combating »act.rxa 
15 contamLtion of laboratory culture., conaumable. (food or 
beverage preparation... or indu.trial proc..M.. 

^*^Ho... of the preeent di«:losure. the term 
„ -olig^ucleotL.-- typically refer, to a molecule co^r...»^ 

from about . to about 80 nucleotide.. ^"'""^ '^"^^ 2! 
.hout 3S nucleotide., including polymer, of ribonucleotide., 
Tx riLnrcieotid... or both, -ith the ribonucleotide ano/or 
L<^ribonucl«.tide. being connected together via 5 to 3 
25 fiZ" that may Include any of the linkage. k»o-n in the 
lugrucleotide art .including, for example. olig«.»cleotide. 
co.pri.ing 5' to 2- linkage.) . m general. 

30 to the target bacterium. Conversely, shorter 

oligonucleotides may more easily permeate the target 
bacteria, but may display a tendency to nonspecxfxcally 
naccerxa. « / rreate a bystander effect 

associate with host sequences and create a oys 

u » effect at all. Additionally, shorter 
or have no effect at an bind^to. and *hU8 

35 oligonucleotides may less efficiently oin _ 
nonLcifically inhibit, bacterial target sequences. For 
nonspeciiic-i y oligonucleotides (6mers to 7mers) 

example, shorter antisense oligonuc.eotia 
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may prove less efficient at specifically binding the target 
nOUlA. and may prove less efficient at activating RNase H 
activity. Shorter oligonucleotides may also effect host gene 
expression in a nonspecific, and thus undesirable, manner. 
5 In spite of the above, the present application 

additionally contemplates relatively short oligonucleotide 
sequences (fimers to 7mers) having the desired antibacterial 
effects and preferably broad- spectrum antibacterial effects, 
while exhibiting few adverse side effects in the host. In 
10 fact, an example of a short (6mer) oligonucleotide is 
provided below that exhibits significant antibacterial 
activity and is contemplated as a specific example of a 
preparation of an antibacterial oligonucleotide that 
funccionally defines the lower size limit of the present 
15 invention. Given that the present invention specifically 
contemplates short oligonucleotides with demonstrated 
antibacterial function, the short oligonucleotides of ^:he 
present invention specifically exclude short inoperative 
oligonucleotides such as AGGACGT or GGAG. 
20 Accordingly, additional embodiments of the present 

invention include relatively short (e.g. €mers) 
oligonucleotides that have been identified by using the 
presently disclosed methods of synthesis in conjunction with 
standard antibacterial assays while gradually deleting bases 
25 from oligonucleotides with established antibacterial activity 
in order to define short antibacterial "core- sequences. 

A particular embodiment of the present application 
contemplates oligonucleotides that have been modified to 
enhance the specificity of binding. Increased ^P*"^;;'^^'^^ 
30 allows for shorter oligonucleotides having the desirable 
features of both long and short oligonucleotides. 

The presently described oligonucleotides may be 
constructed using either conventional bases (adenosine, 
cytosine, guanosine. thymidine, xanthine, inosine or 
35 uridine) or any other modified ^ases. or base analogues that 
allow an oligonucleotide comprising such analogues to retain 
its ability to hybridize 4:o a complementary nucleotide 
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sequence. Examples of s.uch non-naturally occurring bases 
thac are capable of forming base-pairing relationships with 
naturally occurring nucleotide bases include, but are not 
limited to. aza and deaza pyrimidine analogues, aza and deaza 
5 purine analogues as well as other heterocyclic base 
analogues, wherein one or more of the carbon and nitrogen 
atoms of the purine and pyrimidine rings have been 

substituted by heteroatoms. e.g.. oxygen, sulfur, selenium. 

phosphorus, and the like. 
10 Modified oligonucleotides, nuclease resistant 

oligonucleotides, and antisense oligonucleotides are also 
^ant to be encompassed by this definition. The term 
Oligonucleotide- is meant to encompass all of the foregoing, 
unless the context dictates otherwise. 
IS The term -modified oligonucleotide" refers to 

oligonucleotides that include one or more -^"i"^^-; 
the nucleic acid bases, sugar moieties. 
phosphate linkages, as well as molecules having added 
substituents. such as diamines, cholesteryl or other 
20 lipophilic groups, or a combination of modifications ,t these 
sites. The internucleoside phosphate linkages can be 
^Lphodiester. phosphotriester. phosphoramidate. siloxane. 
carbonate, carboxymethylester . acetamidate. carbamate, 
thioether. bridged phosphoramidate. bridged methylene 
25 phosphonate, bridged phosphoramidate. bridged 
phosphoramidate. bridged methylene phosphonate. 
phosphorothioate . methylphosphonate . phosphorodithioate . 
bridged phosphorothioate and/or sulfone internudeotide 
linkages, or 3-3' or 5'-S' linkages, and 
30 such similar linkages (to |»:oduce mixed backbone --d^-** 
oligonucleotides) . The modifications can be internal or at 
the end(s, of the oligonucleotide molecule -»<*;-^-^^^^^ 
additions to the molecule of the internucleoside P'^^^P^^" 
linkages, such as cholesteryl. diamine compounds with varying 
« numbers of carbon residues between amino groups and terminal, 
r^s d oxyribose and phosphate modifications which cleave 
or cro;s-link to the opposite chains or to associated enzymes 



- 27 - 



FCrAJS91/n961 . 

WO98/03S33 



or other proteins. Electrophilic groups such as ribose- 

or otiKs f link with an eosilon amino group 

aldehyde could covalently linK witn an 
dialdenyae _ protein. A nucleophilic group 

of the lysyl- residue of sucn a prote 
such as n-ethylmaleimide tethered to an oligomer could 
5 covalently attach 4:o the 5' end of an mRNA or to another 
nic rophllic site. The term «K>dified oligonucleotides also 
includes oligonucleotides comprising modifications to the 
sugar moieties such as 2- -substituted ribonucleotides, or 
deLyribonucleotide monomers, any of which connected 
10 together via 5' to 3' linkages. The term "modified 
" n^^leotide.. is meant to encodes all of the foregoing, 

unless the context dictates otherwise, and a so rel^rsjo 
oligonucleotides comprising chemical groups (e.g.. sugar 
molecules, amino acids, etc.) that may improve the 
15 antibacterial activity of the oligonucleotide. 

The term -oligonucleotide backbone- refers to any and 
all means of chemically Unking nucleotides such that 
ol gonucleotides result that are capable of ^'^-P"""^;' 
Otherwise hybridizing, or interacting with a bacterial target 
20 sequence in a more-or-less sequence specific manner^ 
The term -purified oligonucUotide- refers to an 

oligonucleotide that has been isolated so as to be 

incomplete oligonucleotide 
substantially free of . inter aiia. inc y , 

products produced during the synthesis of the <ie"«J 
« oligonucleotide . Preferably, a purified oligonucleotide w 11 
also be substantially free of contaminants which may hinder 
or otherwise mask the antibacterial activi.:y ot <^ 
oligonucleotide. In general, where an oligonucleotide s^ 
able to bind to. or gain entry and ^ °^ ' 

K ..r-^ia it shall be deemed as substantially free of 

" m:: Tu^^ ^^^i.. -i.uv 

ot . method to produce .uch purified oli,onu=X.<,cxd.s is 
described herein. In p.ttieul.r. .n ""Sonucleotide 

pr.p.r.cicn .hall gener.llv be con.ider«i 

• <- a contaminants that hinder <he 

35 of adverse contaminants te.g., •conta 

35 OS ao ar-i-ivitv of the nucleotides such as 

measured antibacterial activity oc t« 

alkyl amines, alkyl ammonium groups, or agents that block 
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oligonucleotide entry, etc.) when the sample proves effective 
in In in vlero MIC assay to an extent that i^ displays more 
than about twice, and preferably about five times, and most 
preferably at least about an order of magnitude greater 
5 antibacterial activity than a corresponding preparatxon that 
has not been treated to remove the adverse contaminants 
Typically, an oligonucleotide preparation shall preferably be 
c^sidered substantially free of adverse contaminants when 
the levels of contaminants in a sample are reduced to about 
10 l/20th of the levels found in unpurif ied (or intermedxately 
purified) sables, more typically about l/50th of the leve s 
found in unpurif ied samples, and preferably less than about 
1/lOOth of the levels found in intermediately or unpurified 
samples of oligonucleotide. , 
15 Alternatively, an antibacterial oligonucleotide 
preparation may generally be considered free of adverse 
contaminants when the composition is about 95 percent .free, 
and specifically about 99 percent free of contaminating alkyl 
amines, alkyl ammonium groups, or a mixture thereof as 
,0 compared to unpurified ^rude or intermediately purified 
samples of the oligonucleotide preparation (as measured by 
conductivity, mass spectroscopy, or the extent to whxch a 
given oligonucleotide preparation retains antibacterial 

„ "'''i^' term -substantially nuclease ^'''^Z"! 
oligonucleotides that are resistant .o nuclease 
as compared to unmodified oligonucleotides, and include^ but 
are "riimited to oligonucleotides with modified backbones, 
such as. for example, phosphorothioates . methylphosphonates. 

30 ethylphosphotriesters. 2' -O-methylphosphorothioates 2 -O- 
metU-p-ethoxy ribonucleotide. a-O-methyl ^^^^^^"/^ ' 
methyl carbamates, and methyl carbonates, inverted bases or 
chimeric versions of these backbones.. Typically, the 
relative nuclease resistance of an oligonucleotide will be 

35 measured by comparing the percent digestion of a ""^-^ 
oligonucleotide with the percent digestion of its un^if ied 
counterpart (i.e. . a corresponding oligonucleotide with 
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-normal" backbone, bases, and phosphodiester linkage). Such 
nuclease resistance tests generally add a given concentration 
of oligonucleotide (e.g.. about 12X ^molar) to a given an«unt 
of nuclease SI (at about 0.05 units per ml final 
5 concentration in the reaction). PI (at about 0.05 units per 
ml final concentration in the reaction). SVP (at about 0.05 
units per ml final concentration in the reaction) . 
Micrococcal Nuclease (at about 0.5 units per ml final 
concentration in the reaction), etc.. and measure the percent 
10 degradation (all reactions are incubated at about 37.C In the 
buffer appropriate for each nuclease. For example. SI 
nuclease digestion conditions are typically 30 mM sodium 
acetate (pH 4.S) . 50 mM NaCl. 1 mM ZnCl,. 5% Glycerol; PX 
nuclease digestion conditions are typically 30 mM sodium 
15 acetate (pH S.3). 0.2 mM ZnCl,; SVP digestion conditions were 
100 mM xris (pH 8.9) 100 mM NaCl. 14 mM MgCl.; and Micrococcal 
nuclease digestion conditions are typically 50 mM sodium 
borate (pH 8.8). 5 mM NaCl. 2.5 mM CaCl,) . Percent 
degradation may be determined by using analytical HPLC to 
20 assess the loss of full length oligonucleotide, or by any 
other suitable methods (e.g.. by visualizing the products on 
a sequencing gel using staining, autoradiography, 
fluorescence, etc.. or measuring a shift In optical density). 
Degradation is generally measured as a function of time. 
25 Generally, a substantially nuclease resistant 

oligonucleotide will be at least about 25% more resistant to 
nuclease degradation than an unmodified oligonucleotide with 
a corresponding sequence, typically at least about 50* more 
resistant, preferably about 75% more resistant, and more 
30 preferably at least about an order of magnitude more 
resistant after 15 minutes of nuclease exposure . 

The term "targeted to a bacterial sequence- 
the fact that the presently described antibacterial 
oligonucleotides are substantially homologous, otherwise 
35 complementary, or capable of associating with a target ^ 

, ^« associating with the target bacterial 

bacterial sequence. By associating 

sequence, the presently described antibacterial 
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oligonucleotides are able <o disrupt or inhibit the normal 
function of the target sequence, and hence inhibit bacterial 
cell division. In general, the antibaccerial 
oligonucleotides will associate or bind to the target 
5 bacterial sequence and inhibit the function of the sequence 
by an antisense mechanism, an antigene (triplex) mechanism, 
or by stearic hindrance. Furthermore, the oligonucleotides 
can function through an aptameric mechanism by binding to 
nucleic acid binding proteins. Tor the purposes of the 

10 present invention, the term "aptamer" shall refer -to 

oligonucleotides that are capable of binding or otherwise 
interacting with peptides, polypeptides, or proteins in a 
manner that effects the normal function of the peptide, 
polypeptide, or protein. 

IS In order for the presently described antibacterial 

oligonucleotides to recycle their antibacterial activity, the 
oligonucleotides will generally associate with bacterial 
target sequences with an avidity sufficient to elicit an 
antibacterial effect, yet weak enough to allow the 

20 oligonucleotide to disassociate from the reaction products 
(e.g., after messenger degradation, etc.) and subsequently 
target another molecule. One method of reducing the binding 
avidity, or relaxing the binding specificity, of an 
oligonucleotide is to truncate, or delece, a portion of the 

25 oligonucleotide. 

Alternatively, another method of relaxing the binding 
avidity of an oligonucleotide comprises engineering a 
percentage of miss-match (or more-or-less tieutral match, 
e.g., G-U base pairs) into the antibacterial nucleotide 

30 sequence. By reducing the net homology of a sequence, one 
effectively allows for antibacterial activity while 
increasing the Icinetics^f disassociation. Accordingly, an 
additional embodiment of the presently claimed methods and 
oligonucleotides are relaxed-specif icity antibacterial 

35 oligonucleotides which comprise sequence miss -matches (with 
the corresponding target sequence) of up to about 60 percent, 
often about 35 percent, and preferably about 20 percent, or 
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less. In spite of the percentage miss -match, the relaxed- 
specificity oligonucleotides remain capable of associating 
with bacterial target sequences under physiological 
temperatures and conditions. For the purposes of the present 
5 invention, the term "miss-match" shall apply to all Watson 
and Crick polynucleotide base-pairs, other than A:T, G:C. and 
A:U« and the inverses thereof. 

Furthermore, one of ordinary skill will appreciate that 
the maximally tolerated percentage miss-match may vary 

10 depending on the G/C content of the oligonucleotide. In 
general, an A/T-rich sequence may tolerate a fairly high 
percentage of miss-match where the G/C base pairs have been 
retained. In any event, the amount of sequence miss-match 
should not be such that undue side effects result in the 

15 host. 

Additionally, given the reduced charge associated with 
oligonucleotides comprising partially or fully substituted 
chemical backbones, it is to be understood that such 
oligonucleotides may retain the ability to bind target 

20 bacterial sequence under physiological conditions although 
comprising a greater amount of sequence miss -match than may 
be tolerated by conventional oligonucleotides. 

An additional embodiment of the present invention is 
antibacterial oligonucleotides that are capable of inhibiting 

25 bacterial growth by cross reacting with a variety of both 
known and unknown bacterial target sequences. For the 
purposes of the present disclosure, the term "cross reactive 
antibacterial oligonucleotide" shall refer to an 
oligonucleotide sequence that inhibits bacterial growth by 

30 interacting with bacterial sequences that may share less than 
100 percent sequence homology, and preferably at least about 
50 percent sequence homology, with the oligonucleotide. 
Examples of such a cross reactive antibacterial activity 
include: instances where heterologous, similar, and 

35 homologous bacterial sequences are bound and affected by an 
oligonucleotide that is targeted to a related sequence; 
instances where an antibacterial oligonucleoti^ie is able to 
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interact with bacterial . sequences that share a sufficient 
percentage of otherwise random sequence -complementarity 
(e.g.. short, interspersed regions of high sequence 
complementarity, etc.) with the oligonucleotide such that 
5 bacterial growth is inhibited; and instances where a gxven 
antibacterial oligonucleotide is able to inhibit bacterial 
growth although all or some of the affected bacterial target 
sequences are unknown (this includes instances where the 
cross reactive oligonucleotide has up to 100% homology with 

10 an unknown target DHA sequence) . Target sequences comprised 
within conserved or related control regions, which are often 
noncoding. are deemed to constitute particularly effective 
targets for cross reactive antibacterial oligonucleotides 
that operate via an antigene mechanism. 

15 A -functional equivalent- of the sequences disclosed in 

the sequence Listing shall include any oligonucleotides 
comprising sequence that is at least about 25 percent 
sequence homologous, preferably about 33 percent sequence 
homologous, and more preferably at least about 50 P«««^ ^ 

20 homologous to any one of SEQ ID NOS. 1-17.. and 

at least about 30 percent, and preferably at least about 50 
percent of the antibacterial activity of the corresponding 
oligonucleotide in the Sequence Listing when measured in an 

MIC assay. ^ ^■^ r^,„e 

25 The term -bacterial sequence- includes any and all forms 

of DNA. RNA or amino acid polymers (or oligomers) that are 



present in the cell. . , 

The term -competent cells" refers to bacterial cells 

that have been manipulated in culture or otherwise ^ 
30 chemically, osmotically. or thermally modified such that the 
cells bear an enhanced ability to internalize exogenous 

nucleic acid. j 

The term "pathogenic bacteria- refers to any and all 
bacteria that are. or have been, associated with clini<:al 
35 symptoms of disease in animals, including humans. The term 
-wild-type- bacteria refers to a bacteria that has not been 
modified either chemically or genetically in any way 
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whatsoever (other than growth in culcure "^^-^ • ^" 
particular, a "wild-type- bacteria shall not be 
To^ led such that the bacteria has an enhanced ^r»^^^^^ 
to »acromolecules or biological polymers or oUgomers^ 
c The term -antisense oligonucleotide- refers to an 

oligonucleotide that has a sequence that is substantially 
oligonucleoti ^^^^ antisense 

complementary to a target un« o«r • . ^_ 

oll^cnucleotid* -ill h,brldl« in . cc^Umnt^ Ushxon to 
the D»A or .RMA to tor. . ccnple. by ».t«»-Cr.ck 
10 »!rin,. oonerally. the «.tl.en.. oligonucleotide w.U b>nd 

s^flXt to inhibit th. nor«l function ot target .equenoe. 

• ITter. -becteriostatic oligonucleotide- refer, to 

oligonucleotide, that inhibit or r««rd the gro«h o£ 

IS bacteria either In vitro or in vivo. ■ 

The ter. -bactericidal olig»»cl«.tl*.- reeer. « 

• Oligonucleotide, that directly, or Indirectly, cau.e the 
ae.th of bacteria either In vitro or in vxvo. _ 

The ter» -Ora. negative b«:teri.- reters to the 
„ inability of bacteria to realst ^^^'"l^^^;^;'''^' 
after being treated with «».■. crytal violet «a.n^ 
Lever, following decolorixatlon. th..e b«=terra can be 
Wty counter-atatned -Ith ..f renin, l-partlng a pink or 
lT^l« to the bacteriu. -hen vle«d by light .lcro.copy^ 
„ T^taction I. uaually «> indication that the bacter^ . 

of a cytoplasmic membrane (inner), 
niif«r structure consists or a cytup*" 
2Z i surrounded by . relatively .bin P'P'/<^'VC« 
^ch m turn. i. .urrounded by an outer me.*rane. Typacal 
:Xl.a of ora„ negative bacteria Include 

„ uJed«. E.ch.richia. ^''-.2' 

c.^i.«»-«har»^er Proteus, Yersinia, Klyyera, 
Citrobacter, Enterooac-cer, rxn^cuo, 

SLiell.. «oi..rria. vibrio. P.«urelia. «a«.PPbalua. 

P..„d»on... ^'/ZTZTZZ. .erracia. 

Acidofflinococcus. Actmobacillus, -Cardiooac 

t •wn.i^ Erwinia. Tatujoella. Shigella. Branhamella. 
35 Providencia, erwani«# 

Aeromonas, Prancisella. Gardner^lla. Alcalagenes. Xangella. 
Aeromonas, .u^a Megasphaera. Capjiocycpphaga. 

Agrobact^rium. Leptocri-cnia, f 
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Cromobacteriim, Hafnia. MorganeUa. PecCobaccerium, Cadecea. 
Helicobacter, Morococcus, Pleisiomonas, Bordecella. Brucella, 
Acbromobacter, Flavobac cerium, Bacceroidee. Veillonella, 
Streptobacillus, Paeuntococcus. and Calyimacobacterium. 
5 The term -Gram positive bacteria- refers to the ability 
of bacteria to resist decolorization with alcohol after 
treatment with Gram's crystal violet stain, imparting a 
violet color to the bacterium when viewed by light 
microscopy. This reaction is usually an indication that the 
10 bacterium's outer structure consists of a cytoplasmic 
membrane surrounded by a thick, rigid bacterial cell wall 
mainly comprised of peptidoglycan (murein) . Typical examples 
of Gram positive bacteria include, but are not limited to. 
Aerococcus, Listeria, Streptomyces, Actiaomadura, 
15 Lactobacillus, £ubacteriui». Arachnia, Mycobacterium, 
Peptostreptococcus, Staphylococcus, Corynebacteriun, 
Erysipelothrix, Derma tophil us. Rhodococcus. Bifodobact^rium, 
Lactobacillus. Streptococcus, Bacillus, Peptococcus. 
Micrococcus , Kurtbia. Nocardia, Nocardiopsis . Rotbia, 
20 Propionibacterium, Actinomyces, aiterococcus. and Clostridia. 
Additionally, the presently described antibacterial 
oligonucleotides may be effective against bacteria including, 
but not limited to, CainpyJobaceer. Spirillium, Borrelia, 
Treponema, Leptospira. Legionella, and Chlamydia. 
25 The term "mycobacterium" refers to any and all strains 

of bacteria drawn from the group comprising : Wycobacterium 
tuberculosis. Mycobacterium bovis, Mycobacterium leprae. 
Mycobacterium avium-intracellulare, Mycobacterium kansasii. 
Mycobacterium scrofulsceum, Mycobacterium marinum. 
30 Mycobacterium fortuitum. Mycobacterium uJcerans. 

Mycobacterium chelonae. Mycobacterium paratuberculosis. 
Mycobacterium xenopi, Mycobacterium simiae, or other 
mycobacteria falling within the Runyon groups I-IV as 
described in Runyon, Med. Clin. North Amer. 11:273-290 
35 (1959). or Mandell et al., 1990. Prinr,\pX^U apd practice 
T„f...^on. Disease 3rd. ed.. Churchill Livingstone inc.. New 
York. N.Y. 10036. herein incorporated by reference. 
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The term "MIC test-- refers to a National Cooonittee on 
Clinical Laboratory Standards (-NCCLS-) approved test for 
Clinical WDoir y .„uibitorv concentrations ("MIC") of 
determining the minimum inhibitory conce 
bacteria by broth dilution. This term includes the use of 
5 This test L determining the percent inhibition of bacterial 
growth by the oligonucleotides of the invention. 

The term "transport" refers to the movement of the 
oligonucleotides of the invention from outside the bacterial 
cell across the bacterial cell's outer- structure and into the 

10 bacterial "^^•^*=y^°^'*^"^^^^^„ bacterial products 

The term "virulence factor reters tw r 

which contribute to the pathogenicity of a bacteria such as. 
for example, antibiotic resistance factors, toxins (exo- and 
endo-). adherence factors that recognize host "ssues. 

15 Ixtraceliular receptors, bacterial iron-binding proteins, and 
::rce Ldif ications that allow the. bacteria to escape the 
i^nune system (e.g.. polysaccharide coats or capsules) . 

The term -labeled oligonucleotides- refers to 
oligonucleotides that have been modified to allow a 

20 determination of the presence or amount of the 

oligonucleotide, typical labels Include for example 
radioisotopes, biotln. and enzymes (such as luciferase. or 0^ 

The term "stringent conditions- generally refers to 

j^.-.-., t-Kai- »iJ emoloy low ionic strength 
25 hybridization conditions that ID empioy ^ 

and high temperature for washing, for example. 0 OlS M 
ano nign ^^^^^^ cltrate/O.l* SDS at SO'C. ; (2) employ 

duSlrhybridlzItlon a denaturing agent ^-'^^ "^^^"""'^^^ 
for example. 50% (vol/vol) formamlde 
30 albumm/O.l* FicoU/O- IV polyvinylpyrrolidone 50 mM sodium 
phosphate buffer at pH 6.5 with 750 mM HaCl 7 mM^od u„ 

citrate at or (3) employ 50 ^^^^J^^.^^ZZ 

HaCl. 0.075 M sodium pyrophosphate. 5 x oennair 
soni;ated salmon sperm DNA (50 g/ml, . O.X. SOS^ and 0. 
35 dextran suUate at 42oC, with washes at 42-C m 0.2 x SSC and 
0 1% SDS. The above examples of hybridization conditions are 
Merely provided for purposes of exemplification and not 
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limitacion. One of ordinary skill will appreciate that 
stringency may generally be reduced by increasing the salt 
content present during hybridization and washing, reducing 
the temperature, or a combination thereof. A more thorough 
5 treatise of such routine molecular biology techniques may be 
found in Sambrook et al.. Molecular Cloning. -Cold Spring 
Harbor Laboratory Press. Cold Spring Harbor, New York. Vols. 
1-3 (1989), and periodic updates thereof, herein incorporated 
by reference. 

10 

4.2. fivntABflie Of Oliaonueleotidee 

The described oligonucleotides may be partially or fully 
substituted with any of a broad variety of chemical groups or 
linkages including, but not limited to: phosphoramidates , 

15 phosphorothioates; p--ethoxy; alkyl phosphonate ; 2' -0-roethyl; 
2' modified RNA; morpholino groups; phosphate esters; 
dithioates; S' thio groups; propyne groups; or chimerics of 
any combination of the above groups or linkages (or analogues 
thereof) , or any other chemical modifications that leave the 

20 oligonucleotide capable of specifically binding to nucleic 

acid or protein. 

Oligonucleotides, methylphosphonates. and 
phosphorothioates may be synthesized, using standard reagents 
and protocols, on an automated synthesizer utilizing methods 
25 that are well known in the art. such as, for exan?>le, those 
disclosed in Stec et al.. J. Am. Chem. Soc. ifli:«077-6Q89 
(1984). Stec et al.. J- Org. Chem. Sfl<20) -.3908-3913 (1985), 
Stec ecaJ., J. Chromatog. i2£:263-280 (1985). LaPlanche et 
al.. Nuc. Acid. Res. 11(22) :908l-9093 (1986), and Fasman, 

30 G.D. PfTf^ ^t-iral H andbook of l^iaghemistrv and Molegulftg 

Biology . 1989, CRC Press, Boca Raton, Florida, herein 

incorporated by reference. 

The principal criteria for designing nuclease resistant 
oligonucleotides are: (i) retention of sequence-specific 
35 base-pairing and triplex- forming interactions (i.e., the 

ability to associate with bacterial target sequence such that 
bacterial growth is inhibited); <2) increasing nuclease 
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Stability; (3) ease of synthesis and purification. The roost 
common strategies to date have involved neutralizing the 
charge on the phosphodiester backbone by substitution at, or 
replacement of, the phosphodiester moiety, conjugating 
5 moieties at the 3' and/or S' terminus, and substitutions at 
the 2 '-position of ribose and dcoxyribose. In particular, 
the addition of a 3' -3' or 5' -5' internucleotidic linkages at 
either end of the oligonucleotide, may inhibit degradation by 
the respective exonuclease (Seliger et al., 1991, Nucleosides 
10 and Nucleotides, lJl:463-477) . Additionally, several new 
strategies have recently emerged that utilize peptide 

interlinkages. 

The synthesis of phosphoramidates is disclosed in 
Agrawal ec al.. Proc. Natl. Acad. Sci. USA fii: 7079-7083 

15 (1988) . The preparation of phosphoramidates modified with 
several methoxyethyl phosphoraroidate intemucleoside linkages 
is disclosed in Dagle et al., Nucl. Acids Res. ii(6) :475l- 
4757 (1990) . These modified oligonucleotides are highly 
resistant to nucleolytic degradation and can also serve as a 

20 substrate for RNase H (which degrades the RNA component of a 

DNA/RNA hybrid) . 

An approach for synthesizing formacetal linked 
dinucleosides is disclosed by Quaedflieg ec al., Tetrahedron 
Lett. 22(21) :3081-3084 (1992). 

25 The synthesis and binding properties of pyrimidine 

oligonucleotides containing alternating modified and natural 
intemucleoside linkages, formacetal and thioforraacetal, is 
disclosed by Jones et al., J. Org. Cbem. 5a:2983-2991 (1993). 
The thioformacetal modified oligodeoxynucleotides (ODN) 

30 displayed high affinity and specificity for both single- 
stranded RNA and double-stranded DNA targets, indicating that 
this linkage is promising for both antisense and triplex 
(antigene) therapeutic applications. 

The synthesis of hexanucleotide analogues containing 

35 internucleotide diisopropylsilyl linkages is disclosed by 
•Cormier and Ogiivie, Nucl. Acids Res. ifiClO) :4583-4594 
(19.88) . These oligonucleotides wer« not readily soluble in 
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water. It has been suggested that inserting terminal or 
internal phosphodiester groups, or highly hydrophilic groups 
would increase water solubility of these compounds. 

The synthesis of acetamidate linked oligomers of mean 
5 chain length 10-13 is disclosed by Gait ec al., J. Chem. 
Soc. Perkin Trans. 1:1684 (1974). 

The synthesis of dinucleotides and trinucleotides 
modified with carbamate (-OCO-NH-) bonds is disclosed by 
Mungall and Kaiser, J. Org. Chem. 12(4) :703-706 (1977). The 

10 carbamate linkage was found to be stable toward acid and base 
hydrolysis, as well as toward nucleases. 

The synthesis of oligonucleotides with dimethylene- 
sulf ide {-CH,-S-CH,) . -sulfoxide (-CHj-SO-OI,) , and -sulfone 
(-CHj-SOj-CHj) groups replacing phosphodiester linkages is 

15 reported by Schneider and Brenner, Tetrahedron Lett. 

21(3) :335-338 (1990); Huang et al., J. Org. Chem. S£:3S69- 
3882 (1991); Musicki eC al.. Tetrahedron Lett. 31<10) : 1267- ■ 
1270 (1991); Huang et al., Tetrahedron Lett. 21(19) = 2«57-266t) 
(1992); and Reynolds et al., J, Org. Chem. S2*-2983-298S 

20 (1992) . 

The synthesis of 2' -O-alkyloligoribonucleotides, wher^ 
the alkyl groups are methyl, butyl, allyl or 3,3- 
dimethylallyl is reviewed by Lamond, Biochem. Soc. Trans. 
21:1-8 (1993). Oligomers comprised of the modified linkages 

25 formed stable duplexes that exhibited a higher Tm (upon 

binding complementary RNA) than unmodified RNA-RNA duplexes. 
Oligonucleotides containing the modified linkages are 
nuclease resistant. It was found that binding of allyl- 
modified oligomers to A/U rich mRNA sequences (typical of 

30 snRNAs) could be improved by incorporating the modified base 
2-aminoadenine in the modified probe. 

The synthesis of 2' -deoxyuridine analogues carrying an 
amino linker at the l '-position of deoxyribose is disclosed 
by Ono et aJ . , Bioconjugate Chem. i:499-S08 (1993). The 

35 uridine analogues were incorporated into oligonucleotides and 
intercalating groups such as anthraquinone and pyrene 
derivatives that were attached -to the amino group of the 
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linker Several oligonucleotides were synthesized <hat 
incorporated the analogues ac several different sequence 
positions. Duplexes formed with the analogues were more 
stable than unmodified duplexes. Also, the oligonucleotide 

5 analogues were resistant to exo- and endonuclease 

degradation. Moreover, duplexes formed with the analogues 
were capable of activating RNase H. The authors suggested 
that the bulky group attached at the CI' -position stearically 
masked the phosphodiester linkage from nuclease attack. 

10 The synthesis of uniformly modified 2' -deoxy-2' -f luoro 

phosphorothioate oligonucleotides is disclosed by Kawasai et 
al.. J. Med. Chem. li:83l-841 (1993). Since 2' .deoxy-2- 
fluororibose adopts the 3'-endo conformation, it was 

hypothesized that deoxy oligomers modified at the 2 '-position 
15 with fluorine would adopt more uniform and more stable 
duplexes with RNA. The modified oligomers were found to 
possess thermal stabilities similar to or higher than those 
of the corresponding RNA duplexes. The modified oligomers 
demonstrated resistance to nucleases, but did not activate 

20 RNase H. w .. j 

A description of the synthesis of p-ethoxy- linked 

oligonucleotides may be found, inter alia, in application 

Ser NO. 08/065.016. filed May 24. 1993. herein incorporated 

by reference. The synthesis of inverted bases is described 

25 in Seliger eC al . • 

Additional antibacterial oligomers may be adapted from 
the polynucleotide binding polymers and backbones described 
in Pat. NOS. S.034.506. 5.142.047. S.166.31S. 5.185.444. 
5.470.974. and 5.235.033. which are herein incorporated by 

30 reference. 

The synthesis of oligonucleotides containing any of the 
above internucleotide linkages is well known to those skilled 
in the art. as is further illustrated in articles by Uhlmann 
et al.. Chem. Rev. 24:543-584 (1990). and Schneider ec al.. 
35 Tetrahedron Lett. -21:335 (1990). See also Reissue Pat. Vo. 
34,069. herein incorporated by reference. 
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4.2.1 



octachy!idyiate comprised of «-an«ners is disclosed by Thuong 
etal Proc. Natl. Acad. Sci. USA M: 5129-5133 (1987). The 
5 modified oligomer binds to complementary sequences containing 
5 moditiea y a 3'-acridine linked o-anomer 

naturally occurring P anomers. a j « 

was also prepared. This analogue also demonstrated sequence- 
specific binding. The a-anomers demonstrated nuclease 
stability, independently of whether linked to acridine or 



10 not. 



discXo..d by CriHin ec aj.. J. C-«»- 



15 (1992) . 



of a» a„tlb.«.rUl olis^n»cl««id. «y profoundly x«P«:t l« 
„ Intlbactarial activity. »s diacu...d in graatar d«:.»l 
Tx^th. antibactariaX activity of an oXisionucXactid. ™y 

by at Xaaat « parent aftar it - 
to an appropriate purification protocoX. It .a «'«"-^«'>' 
important that purification ra-ova contaminant, tha' 
„ o^truct the uptak. of tha oXigonucXaotida. or 

.ntibactariaX activity of th. oligonucXaotida. by, 4cr 
axampia. atimuiating bactatial growth. 

» variety o£ atandard methoda ware uaad to 
purify/produce th. pr.«=ntXy deacribed antib.ct.riaX 
,0 oXig»««Iaotid... I» brief, th. .ntib«=teri.l 

oligonuclaotida. of tha praaent invention -ere ^ 
chrLtography on c=-«rciaXXy availabXa 

see the FAINIH Instru««.t Co . , Inc. inatruction 
Z'ax'io: th. 0««««..-3..», purees" raverse-phaae coXu».., 

..ndates thereof, herein incorporated by 
as 1989. or current upaates tnetw*. 

39 ±»o». _.jja (see aenerally. Warren and 

reference) or ion exchange media (see gener y. 

vena. 1994. "Analysis and Purification of Synthetic 
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Oligonucleotides by High-PerformancB Liquid Chromatography", 
In f^Prhods in f^/^lprular p^TT^om/- vol. 26; — fro^qqol^ ^QK 
ni 4r T»m.gleof r^n-iuoaces. S. Agrawal ed. , Humana Press. 
Inc., Totowa, NJ; Aharon et aJ.. 1993, J. Chrom. £24:293-301; 
S and Millipore Technical Bulletin, 1992. "Antisense DNA: 
Synthesis, Purification, and Analysis") . Peak fractions were 
combined and the samples were desalted and concentrated by 
alcohol (ethanol,. butanol, isopropanol, and isomers and 
mixtures thereof, etc.) precipitation, diaf iltration. or gel 

10 filtration followed by lyophilization. or solvent evaporation 
under vacuum in commercially available instrumentation such 
as, for example, a Savant Speed Vac. 

Oligonucleotides of the invention were dissolved in 
pyrogen free, sterile, physiological saline (i.e.. 0.85% 

15 saline) and sterile filtered through 0.2 micron pyrogen free 
filters. 

4.4. olAaonueleotidea Antibietics 

The principal criteria for designing antisense 
20 oligonucleotides for treating bacterial infections are: <1) 
retention of sequence- specif ic base-pairing and triplex- 
forming interactions; (2) increasing nuclease stability; (3) 
increasing the extent or kinetics of entry into the target 
cell; (4) activating RNase H (while a consideration, a given 
25 oligonucleotide's ability to activate RNase H is not strictly 
required to observe antibacterial activity) ; and (5) ease of 
synthesis and purification. 

Although exquisite sequence specificity may be preferred 
in some instances, the presently described oligonucleotides 
30 are capable of specifically inhibiting bacterial growth as 
long as they remain capable of associating with the target 
sequence under the relevant conditions. For example, the use 
of oligonucleotides to degrade RNA simply requires that the 
oligonucleotide associate (with at least a four base match) 
35 with the bacterial RNA long enough to activate RNase H. 
Thus, oligonucleotides that harbor relaxed sequence 
specificity are deemed sufficient to activate RNase H. In 
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fact because not all bacterial target sequences ar* known. 
£act. Dec ^„„.^_iated where the antibacterial 

aoDlications are contempiatca wne _ 
oUaonucleotide provides the desired inhibitory effect 
oligonucleotxae P targeted, or homologous. <o a giy«n 

although not specifically targetts 

5 bacterial gene . . that activate RNAse H a« 

. A n,u. clKM oXigcnucleotidos prevent the 
" >°^or^' t.rn«et «eordi«,ly, P«t.i. 

i^bite- ^ tne e„.y»tic ...c^cuon 

i-^4on (i e after the oligonucleotide 
blocking translation (i.e.. ai«.c 

, —«^4ates with riboaomal sequence) . 

" '"^^.Z7^' " -v.t.0. . -ne ae3.. 

oUg<».«cl.otxdeB^(e^.. rx^ ^ TypicUy. 

.re npt ^""^ "^^^^ „. ^^„a by stretches ol 
it .odified oli9<»»":l«o'i«' *" ,„ „ ,e„t about 

^«ed ph.«.h«.i..ter ^"^^^"t'l^.i'^t.u ch. 

four nucxeotide. to .bout ""^'^^'^L^d that 

.biUty to aotivat. ^^^^ ^.e » 

phoaphorothioat. '''"""'^""f ' "^^r^-alUn «<aM K 

„ di,e.ti«.. /.n: „ b-e., a«ord. . 

<.dni»» ot 5 ba«.al ^^.j chat «y have 

"'°"j:'^r.rinir:r:'L.».a ou^nucuot^des th^^^ 

oxiooaucxeotide. ^ 
Another e«bodiiMnt of the presently 
„tib.eleriaX oXigonucXeotidas is aptw«rio oXigomers that 
«,tibaeleriax J ^ nMMng protain do«alns and 
.re capabX. ^y dir«=tXy as««:iatin, with 

35 exerting an antibacterial erieci. jr 
bacteriaX proteins or structures. 
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Additionally, antibacterial oligonucleotides may ^xert a 
therapeutic effect by specifically binding and deactivating 
cellular machinery. For example, the presently described 
oligonucleotides may directly bind ribosomal sequences and 
5 inhibit translation by stearically hindering translation 
initiation, elongation, disassociation. or by directly 
destabilizing the structure of the bacterial ribosomes. 

Antibiotic resistance is often caused by the presence of 
resistance factors that render an antibiotic ineffective. By 
10 targeting resistance factors, the presently described 
oligonucleotides may render an otherwise antxbiotic -» 
organism sensitive to conventional antibiotics. Accordingly, 
another embodiment of the present invention is *he use of 
antibacterial oligonucleotides in conjunction with 

15 conventional antibiotics. 

Another embodiment of the present invention -volyBS <he 
use of the presently described oligonucleotides *o inhibit 
the expression of genes whose products regulate the 
replication or transfer of bacterial genes. Additionally. 

20 given that antibiotic resistance genes or other virulence 
factors are often encoded by plasmids. antibacterial 
oligonucleotides targeted against plasmid replication, 
transfer (by conjugative transfer), or gene expression are 
particularly of interest. Similarly, antibacterial 

25 oligonucleotides are contemplated that are capable of 

inhibiting the expression and transfer of genes encoded by 
transposable genetic elements (e.g.. transposons) . 

4 4 1. selection Of Targets For Oligonucleotides: 
Ln^ /no^ron T -^T*- T^^ntifi cation 

Antisense oligonucleotides which target essential 
structural genes, metabolic pathway genes, or transport 
system genes will inhibit the growth of bacterial cells . Por 
pathogenic bacteria, virulence factors such as. for .example, 
genes encoding antibiotic resistance, toxins, adherence and 
invasion factors, pili or fimbriae, flagella. antigenic 
variation factors, and iron binding factors, are also 

« 
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preferred targets. These targets should be pathogen 
specific, and thus oligonucleotides directed against these 
targets will preferably not harm either host cells, or the 
normal bacterial flora of the gut. 
5 While some bacterial genes are expressed as individual 

transcripts, many are transcribed as part of a multicistronic 
unit or operon. Examples include the ribosomal protein 
operons. such as the str operon and the alpha operon in 
Escherichia coli. Where possible operon transcripts are 
10 targeted. Disruption of expression of a gene in the operon 
may also adversely effect the expression of other genes 
encoded within the same operon (often in operon transcripts 
the translation of the 5 '-most genes are required for 
efficient translation of the downstream genes) . In theory 
15 this could result in pleiotropic growth effects from a single 
oligonucleotide sequence. Specific genes and transcripts 
(whether expressed as part of an operon or independently) are 
targeted on the basis of their function in the cell, for 
example, the gene for glucose -phosphate dehydrogenase is 
20 central to sugar metabolism. Other genes may not be relevant 
in our normal assay system, disruption of lactose metabolism 
is expected to have only a minor effect, if any. on 
Escherichia coli growth in media containing a more readily 
available carbon source such as glucose. 
25 once a target gene or operon has been selected, a target 
region within the gene or operon sequence must be selected, 
for example, the start codon. An analysis of the sequences 
around the target sequence (e.g.. 5' untranslated region, 
start codon. internal sequence feature, termination codon. 3' 
30 untranslated region) is performed. This analysis generally 
encompasses a total of about 120 bases that flank the target 
sequence. This analysis further predicts the secondary 
structure of the antisense oligonucleotide, and can be 
performed using commercially available computer software . 
35 The extended target sequence is checked for regions of stable 
secondary structure. The positions of the bases predicted to 
be involved in the stem-and-loop structures should be marked 
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and the predicted Tm o£ the structures noted. Preferably, 
stem sequences should be avoided where possible. Moreover, 
predicted secondary structures with predicted melting 
temperature o£ 4S^C or less are disregarded in this analysis. 

.5 A maximum oligonucleotide length is also selected, and 

the program identifies the clear regions (no stems, or the 
structures with the lowest melting temperatures) , and also . 
checks the loop melting temperatures for the generated 
oligonucleotides. Such programs are well known in the art 

10 and include, for example, the program OligoTech version 1.0 
(Copyright® 1995, Oligos Etc. Inc. & Oligo Therapeutics 

Inc . ) . 

The length of the flanking sequence to be analyzed may 
be increased if an oligonucleotide with a length of greater 

15 than 30 bases is selected. The transcription start site and 
termination site (or any attenuation sequence) are generally 
the most distal sequences that will be analyzed. On 
occasion, this may result in an analysis of about 190 or more 
bases of flanking sequence. 

20 Potential oligonucleotide sequences that have high loop 

melting temperatures may be eliminated by the above analysis. 
Note that the melting temperatures for the loops obtained for 
the commercial programs may need to be adjusted for modified 
oligonucleotides since these oligonucleotides may have 

25 altered base pairing avidities. 

Several additional characteristics of the 
oligonucleotides are also considered. Stable secondary 
structure (potentially stable under physiologic conditions) , 
runs of a single base (e.g., 4 or more A's), and sequences 

30 that potentially form stable homodimers are also eliminated 
if possible. (In cases where double-strand oligonucleotide 
is the desired end result, homodimers may be preferred.) The 
base composition of the oligonucleotide is also checked. 
The two or three oligonucleotide sequences that most 

35 nearly meet the above criteria are selected. Using these 
final oligonucleotides, the program analyzes each sequence 
and notes loop melting temperatures for both the sense and 
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the antisense strands of- the candidate sequences. This 
decreases the possibility of the computer analysis missing a 
potential problem structure. 

The candidate sequences, selected as above, are searched 
5 for sequence matches in available sequence databases (for 
example, Genbank) using commercially available search 
software. The first search is against the bacterial sequence 
database (8) . This allows the identification of other targets 
that may also be affected by the candidate sequence, and may 

10 also indicate which sequences are potentially effective 
across bacterial genera. Since many different bacterial 
genera have highly related genetic organizations or related 
gene sequences, a potential oligonucleotide may be effective 
against multiple bacterial genera. Tot example, the 

15 sequences of the gyrA genes of Escherichia coli and 

Saljnonella typhijmirium are essentially identical near *he 
start codon. 

Additionally, since bacterial translation occurs 
simultaneously with transcription, it may be generally 
20 preferable to target antisense oligonucleotides to bacterial 
sequences at or near the Shine-Delgamo site (ribospme 
binding site) or to the translation start site of the 

targeted transcript. 

The second search is versus a database including 

25 human/primate sequences . Since these databases are still 
quite limited (relative to the entire amount of sequence data 
in the genome), databases generally including mammalian 
sequences should be searched. Oligonucleotides that have 
high specificity matches to relevant mammalian sequences 

30 should be eliminated from initial consideration. (Note: that 
they may be re-included after further evaluation of the 
possible target sequences.) 

As a consequence of the incomplete nature of the data 
bases comprising bacterial, primate, rodent, and mammalian 

35 sequences, this method cannot ensure that all potential 
targets or conflicts are identified. However, as sequence 
data accumulates, this method will allow an experienced 
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practitioner of the art -*o identify targets and select 
oligonucleotide sequences for use in the methods of the 

invention. 

5 4.5. '•iT'-rr^''^ inhihUlon AHfiaYt 

Despite some limitations of in vitro susceptibility 
tests, the clinical data indicate that there ^-J'^ _ 
correlation between MIC test results and in vavo effi<:acy of 

antibiotics. Murray. P.. mi^^rrnh^^^ f^'^^^^P^^^^^^^^ 

^^^A ai eds )- Plenum Press, NY, 1994; 

(1995) 

Accordingly. t:he presently described antibacterial 
oligonucleotides were tested for antibacterial activity an 
15 vitro prior to use in vivo, a given antibacterial 
" o U Icleotide will have dented a-ibacterial activity 
in vitro against a pathogenic bacteria. Genera ly. the an 
vitro antibacterial activity of an oligonucleotide will be 
tested using a standard bacterial inhibition assay, or MIC 
.0 t It tsL nLional Con^ittee on Clinical Laboraton. Standards 
"Performance Standards for Antimicrobial Susceptibility 
Testing- NCCLS Document MlOO-SS Vol. 14. Mo. 16. December 
1994. herein incorporated by reference). 

. 4 5.1. t ^.><n«-4ona Th« standard MIC Tftfl S 

cells that are growing exponentially in vitro are 
generally not representative of «lls in ^^^"^-^^ 
Lre nutrients may be limited and the cells are dividing 
slowly or not at all. i.e.. 4:he cells are in stationary 
30 phase. Starved stationary phase cells undergo a ^^'^i*^/*^ 
Lrphological and physiological changes that distinguish ^hem 
from cells in exponential growth. These changes ensure the 
prolonged survival of the cells by reducing endogenous 
metabolism and preparing the cells for possibly adverse 

" ^""''pirher. there is a specific interrelation between the 
growth rate of bacterial cells and the sensitivity of the 
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cells to chemicals, antibiotics, and host defenses. Thus, 
antibiotics developed and tested against laboratory cultures 
are often ineffective when directed against relatively slowly 
growing, clinical infections. 
5 In an effort to address the issue of bacteria growing 

under starved conditions in a clinical setting, both fresh 
cultures and starved cultures of bacteria were used as 
inocula in standard MIC tests . Oligonucleotides with 
antibacterial activity proved effective regardless of the 
10 type of inoculum used in the WIC test. 

The MIC is the lowest concentration of antimicrobxal 
agent that completely inhibits growth of the organism in the 
tubes or microdilution wells as detected by the unaided eye. 
Viewing devices intended to facilitate reading microdilution 
15 tests and recording of results may be used as long as there 
18 no compromise in the ability *o discern growth in the 
wells. The amount of growth in the wells or tubes containing 
the antibiotic should be compared with the amount of growth 
in the growth-control wells or tubes (no antibiotic) used xn 
20 each set of tests when determining the growth and poxnts. 

The percent inhibition of an oligonucleotide as reported 
herein was the absorbance at 625 nanometers of a bacterial 
culture that was treated with the oligonucleotxde dxvxded by 
the absorbance at 625 nanometers (i.e.. O.D. 625) of a 
25 duplicate cell culture minus oligonucleotide «:ontrol) ; the 
resulting number was subtracted from 1. and multiplied by 
100%. small variations in the optical density readings at 
the lower detection limit of the assay may result in 
calculated inhibitions of greater than 100 percent. It is 
30 assumed that these calculations essentially represent 100 

percent inhibition. 

The concentration of target bacteria used in an MIC 
assay typically far exceeds the systemic concentrations of 
pathogenic bacteria that, with the possible exception of 
35 abscesses, are expected to be found in vivo. While even the 
presence of a single bacterium in bodily fluids is considered 
an indication of infection (John J. Sherris. Editor. HsdiSai 
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Edition. Elaevier. New York 1990) . the precise number of 
bacteria/ml is not well quantified in human clinical 
infections (Kjeldfberg and Knight . {3rd Edition) . Body F^W^^S . 
5 ASCP press. 1993) . It is difficult to quantitate bacteria in 
body fluids as bacteria are constantly cleared by the immune 
system (Myrvik. Fnr ^riampntal p M^rtr<;al BacteriQlOdv . 1974. 
Lea i Febiger. Publishers) . In addition, bacteria grow more 
slowly in vivo than in vitro, so this slow growth combined 
10 with the clearance by the immune system makes quantifying the 
number of bacteria difficult. In order to quantitate 
clearance of Pneumococci in the blood. Wilson (G.S. Wilson 
and A.A. Miles. Editors. TPPlfY '^n^ m^C^' ^ Prinq^P^^s of 
n.^rrrrf— n- -r-^ T.n„.noloov. Williams ^ Wilkins. Publishers. 
15 1964) reported a study where bacteria were intravenously 

injected into rabbits. It is evident from these data that xf 
the immune system is unable to clear the bacteria from the^ 
blood, once the concentration of bacteria reaches 1.5 x 10 
cfu per ml the animal will die. In light of the above 
20 discussion, the oligonucleotides need only arrest the growth 
of the bacteria until the immune system is capable of 

clearance. Furthermore, in an actual clinical situation, the 
concentration of bacteria/ml would be far lower than 1 . 5 x 
lOVml. which represents a fatal concentration in Wilson's 

25 animal model. 

in the presently described studies, the bacteria were 
grown over the period of the assays to an O.D. 600 of 0.1 as 
defined by the NCCLS. This represents approximately 1 x 10 
concentration of bacteria which represents more bacteria/ml 

30 than would be required to cause death in a clinical setting. 

4.5.2. PaBtldiov y OraaniamB 

The standard media used in the MIC tests described above 
for the rapidly growing aerobic pathogens (Mueller -Hintcn 
35 medium) is not adequate for susceptibility testing of 

fastidious organisms. Where MIC tests are to be done using 
fastidious organisms, the medium, quality control procedures. 
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and interpreciv€ criteria must be modified to fit each 
organism. For example, dilution tests for Haemophilus 
influenxae (using Haemophilus test medium) . Nisseria 
gonorrhoeae (using GC agar base medium) . and Streptococcus 
5 pneumoniae (using lysed horse blood-supplemented, cation- 
adjusted Mueller-Hinton broth) have been shoim to be reliable 
methods. It is important to note that the direct inoculum 
suspension method of preparing the test inoculum must be used 
with these three species. The media and important technical 
10 aspects of testing several fastidious species are described 
in relevant sections above and outlined in NCCLS Doc. M7-A3. 
Vol. 13. No. 25, entitled " tf«>rhQd3 fo i r ffSiution AntiroicrPbiaA 

,^..,^^pyjh< ^^fv Tes^g fftr Bact« T^<a that Grow fiprObica»,y -, 
j^..^ r^^^Hon: j^rr---''' -«i..^ndard" . Interpretive criteria for 
15 testing these three fastidious species can also be found in 

NCCLS DOC, M7-A3. Vol. 13, No. 25. 

i ft flirlfrfiT*'"^*'*^ Activity In Yim 

After demonstrating antibacterial activity in vitro, the 

20 antibacterial oligonucleotide will be tested for activity in 
vivo, in brief, an antibacterial oligonucleotide sequence 
(e.g.. a phosphorothioate ODN) will be tested for antibiotic 
activity in a mammalian test subject, and preferably a murine 
test subject. Phosphorothioate ODNs have previously been 

25 tested in mammals (mice. rats, rhesus monkeys) , and. when 
properly administered, have not been found to be 
significantly toxic. Prior to introduction in vivo. ODNs 
will be solubilized in sterile saline and serially-diluted to 
the desired test concentrations in sterile saline. 

30 EastfiEia. Bacterial pathogens to be used in vivo 

include, but are not limited to, inter alia, the drug- 
resistant EschericJila coli ATCC accession No. 2S922, and 
Staph, aureus ATCC accession No. 13301. Generally, the 
target/test bacteria are cultured in vitro in Mueller-Hinton 

35 broth (BBL Microbiology Systems. Kloclceysville. MD) for 18 
hours at 37»C. 
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« «f a test pathogen will be prepared 
Tvnically. cultures of a test pau..wa 
TypicaAxy. ^^^^ example, 

bv suspending colonies grown on soAi 

Dy SUSP « into 70 ml of Mueller-Hinton 

, Tsi. - result.. .PP«pri«. dilution, o. t>» bact.r«l 
cells .re th«. prepered „y be 



.Z .fticaey ot the mclb.cceri.1 

used to assess the etticacy 

riLucleotide.. Wditionelly. exp.ri«nt.l pr«^cls »d 

Mrely lor puipwe o£ ex««.lU»""0° _ 

limiting the pre«nt i»"»txo» « «.y way 

.S whatsoever^ ^ , l„ 

aue a« t,p"!uy uaed in the.. .tudU. The « . rain ci 
Size, arts jTF certain studies of 

„K,use has been used in the P«"^^' „ .i.. 

infectious diseases and therapeutics (e.g.. Brog 
infectious ,,o9i) . Lister and Sanders. 

.0 (1986), cavalieri ^^^^^'^^/'^ ^,,55)). as has the 

Antimicrob. Agents Chemother. ) . 

»4RI strain (Hof eC al.. Infection ii^-^O^ 

..us. both of the above strains ^^^^^eVso^^^^^^ 
established infectious disease models that are 
25 available to those of ordinary skill. 

Typical animal tests comprise a minimum of about 5 
iypiw- ^^„_ (1 caae of 5 mice each) in 

animals in each treatment group (1 cage o 

order to demonstrate adequately the ^""^'^^"V 
rlplucibility of a given experimental -b-™^^^^ 
30 using at least about 5 test animals, one can compensate 

u =.« rftffering growth rates of 

rrriira^ir^^^^^^ 

: the «pe.t.a hendlin, -_ini«tlo^ o.t. 



Of ^-""-^f ::V b.cl. .intr..c.pul.r, -ith 
35 injected ™b=ut.neou.ly BCI on t .„ , 

.pproxiMtely 0.3 ml of b.ct.rl.1 cell P 
l!^i.i.d .teriU trypto.. phosphate agar h.ld .t 39 
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essencially as described by Hof et al. (1986) or I.P. with 5% 
mucin (Lister & Sanders, 1995) . 

ft^ , n^ pigrra^f " n oli g ^ri nrleotides . At -the -time of 
injection of bacteria or at various tiroes after injection 
5 with the indicated microorganism, the test animals are 
treated by administration of a bolus injection of 
oligonucleotides at, for example, 0. 1.0. 2.5, 5.0 or 10.0 
mg/)cg (5 separate groups, one dose per group of 12 animals) 
to determine optimum therapeutic dose of a giv«n 

10 antibacterial oligonucleotide. The oligonucleotide is 

generally administered I.P. in a volume of approximately O.S 
ml of sterile saline, using a sterile 25-gauge needle or 
through an Alzets pump. Optionally, the solution comprising 
the antibacterial oligonucleotide may also be administered 

15 I. v.. subcutaneously. orally, or by any other means suitable 
for the given pathogen being tested. 

Where applicable, bacteremia will be monitored by 
collecting daily blood samples from two animals from each 
group, one fully-anesthetized animal from the negative 

20 control group (no bacterial infection) will be bled by 
cardiac puncture and subsequently euthanized 
colony forming units (CFO) in the blood samples will then be 
determined by plating samples on agar and doing bacterial 

colony assays. ^. 
25 The minimum lethal dose for a given bacterial pathogen. 

e g Escherichia coli ATCC accession No. 2S922. is 

determined for CFI mice after the pathogen is injected I.P. 

in 0.5 ml DPBS or S.C. plus agar. The minimum lethal 

inoculum is the minimum dose that results in the death of all 

30 of the test subjects during the five to seven days post- 

infection. ^ . w * - 

Alternatively, female MMRJ mice may be used with, for 
example. Escherichia coli ATCC accession No. 25922, which is 
)cnown to cause animal death within five to seven days after 
35 intra -clavicular injection. 

The dose of antibacterial oligonucleotide that protects 
50* p£ the test animals from death (protective doses ■SO%-PD„) 
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is determined as follows. Beginning at various times after 
injection of the bacterium into the t«8t animals, and 
continuing for four days thereafter, the antibacterial 
oligonucleotide (or its control) is injected S.C. into the 
5 test animals in about 0.15 ml DPBS at final concentrations 
that will vary as appropriate for the given assay. For 
example, about 0.0, 1.0. 2.0. 2.5. and 5.0 mg/kg of 
antibacterial oligonucleotide may typically be used. Animate 
surviving for more than five to seven days after initial 
10 bacterial inoculation will be maintained an additional seven 
days and then euthanized by CO, asphyxiation for further 
study, optionally, the test animals are maintained for more 
extended periods after initial infection in order to assess 
the long-term efficacy of oligonucleotide treatment. 
IS A similar bacterial inoculation and oligonucleotide 

treatment protocol can be used to determine the kinetics of 
bacteria clearance from the peripheral blood of bacteremic 
animals after treatment with antibacterial oligonucleotide, 
in these studies, groups of twelve animals each are infected 
20 as above with Escherichia coli. and a group of six mice is 
sham injected with only saline (the control group) .The 
groups of infected mice are then treated with (a) saline or 
\t) oligonucleotide, while the control group is only treated 
with saline. At suitable time periods post- infection, blood 
25 samples are taken, and the number of test pathogen cells per 
ml of blood is determined by standard dilution and culture 

methods. ^ 

The above animal models are merely exemplary of the 

myriad of animal models that may be used to establish the 
30 efficacy of the presently described antibacterial 

oligonucleotides, and many other modalities for testing ^he 
claimed invention are available to one of ordinary skill. 
For example, the LD« of a given pathogen may be established 
(or previously known) . and the efficacy of the antibacterial 
35 oligonucleotide determined, testing whether substantially all 
of the test animals survive bacterial exposure. 
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Additionally, immunocompromised animals may also be 
used, i.e.. nude mice. SCID mice. etc.. to study the 
antibacterial effects of the described oligonucleotides in 
the absence of a correctly functioning immune system. 

S 

4.7. pv^ aTnnaeaut. * '^^! gQ«ooBit<onB And Deliv^KY 
Pharmaceutical compositions containing the 

oligonucleotides of the invention in intimate admixture with 

a pharmaceutical carrier can be prepared according to 
10 conventional pharmaceutical compounding techniques. The 

carrier may take a wide variety of forms depending on the . 

form of preparation desired for administration, e.g.. 

intravenous, oral, topical, aerosol (for topical or 

inhalation therapy), suppository, parenteral, or spinal 
15 injection. 

m preparing the compositions in oral dosage form, any 
of the usual pharmaceutical media may be employed, such as, 
for example, water, glycols, oils, alcohols, flavoring 
agents, preservatives, coloring agents and the like m the 
20 case of oral liquid preparations (such as. for example, 
suspensions, elixirs, and solutions); or carriers such as 
starches, sugars, diluents, granulating agents, lubricants, 
binders, disintegrating agents and the like in the case of 
oral solid preparations (such as. for example, powders. 
25 capsules and tablets) . Because of their ^ase in 

administration, tablets and capsules represent the most 
advantageous oral dosage unit form, in which case solid 
pharmaceutical carriers are obviously employed. If desired, 
tablets may be sugar-coated or enteric -coated by standard 
30 techniques. Oral dosage forms of antibacterial 

oligonucleotides will be particularly useful for the 
treatment of bacterial infections of the gastrointestinal 
tract and ulcers caused by or associated with bacterial 
infection (e.g.. Helicobacter pylori infection, and the 
35 like) . Additionally, given that bacterial infection has been 
associated with hyperproliferative disorders of the immune 
system (i.e. inflammatory bowel disease), the presently 
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described antibacterial .oUgonucleocides may be used to treat 
hyperproliferative disorders including, but not Um ted to. 
Z^'s disease and ulcerative colitis by specxfxcally 
eliminating the causative or contributory microorganisms from 

s the bacterial flora of the gut. 

For parenteral application by injection, preparations . 
may comprise an aqueous solution of a water soluble, or 
solubilized. and pharmaceutically acceptable form of the 
antibacterial oligonucleotide in an appropriately buffered 
XO saline solution. Injectable suspensions may also be prepared 
using appropriate liquid carriers, suspending agents. pH 
al u!ting agents, isotonicity adjusting agents, preserving 
agents, and the like may be employed. Actual methods for 
preparing parenterally administrable compositions and 
X5 ad ustlents necessary for administration to subjects will be 
.„own or apparent to those skilled in the art^dare 
described in more detail in. for example. BSBUiJaEiZn-a 

^ ^cfe Publishing company. 

P ^ir nH FI ff'"'*^^*^''^ SctgnCfi . ^-^^ • ^ ^^ir. reference 

Easton. pa (1980). which is incorporated herein by reference. 
20 The presently described oligonucleotides should be 
plnterally administered at concentrations below t^^^^ 
tolerable dose (MTD) established for the antibacterial 

oligonucleotide. . . 

For topical administration, the carrier may take a wide 
2S variety of forms depending on the preparation, which may be 
cream, dressing, gel. lotion, ointment, or liquid. 

Aerosols are prepared by dissolving or suspending the 
Oligonucleotide in a propellant such as ethyl alcohol or in 
propellant and solvent phases. The pharmaceutical 
30 compositions for topical or aerosol form will generally 
contain from about O.OI* by weight <of the oligonucleotide 
tlabout 40* by weight, preferably about 0.02% to about 10* 

. ^ J nr-oferablv about 0.05% to about S% by 
by weight, and more preteraoxy 

weight depending on the particular form employed. 
35 suppositories are prepared by mixing the oligonucleotide 

with a lipid vehicle such as theobroma oil. cacao butter, 
glycerin, gelatin, or polyoxyethylene glycols. 
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The presently described antibacterial oligonucleotides 
„ay be adndnistered to the body by virtually any means used 
to administer conventional antibiotics. A varxety of 
delivery systems are well known in the art for deUvering 
5 bloactWe compounds to bacteria in an animal. These systems 
include, but are not limited to. intravenous or intramuscular 
or intrathecal injection, nasal spray, aerosols for 
inhalation, and oral or suppository administration. The 

i^ delivery system used depends on the location of the 
10 blcteria. and it is well within the skill of one in the art 
To lltermine the location of the bacteria and to select an 

acoropriate delivery system. 

Jh. P«..« invention i. <»rth.r iUu«r.t.a by t^. 
tcuJin, ex.»pU». -hich .« not int.„a.. to .e l.»t.„, .n 
15 any way whatsoever. 

5.0. EXAMPLES 

Oligonucleotides were synthesized using commercial 
>.«««hor!midites on commercially purchased vm synthesizers 
" r Tor « scales using standard P-----^ 
Chemistry. OXiSonucleotides were d P^^^^^^^ 
phosphoramidite manufacturers protocols. 01190 

, ••u-,* Arig^a down under vacuum or 

be used unpurified were either dried down unoe 

25 orecioitated and then dried. ^ • ..u. 

' t^L .alc. 01 olisonucLotid.. pr.p.r^ ».xn3 th. 

co^ercially .vilabl. ,B«»k09.n. ' 

"""u::;u:uoti.. ...p«,ao»s «uu ^ 

£u«h.r p„ri£ic.tion initLHy =hro«<:ograph.d on 
ToLrcUUv .vailablo ™ pha=. or '-.'-ri'.r:::,,, 
3S (p«£er-*ly. SM. strong »«ion .lich.n9. ««dx.) -such m Source 
O «d. by Ph«»cU, Toyopearl super Q by To.oha.=. 
"rltllax »a6e by «ter.. H-croprep 0 ^ by B.oRed, ..d 
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the like. Peak fractions were combined and the san^jles 
desalted and concentrated by ethanol precipitation, 
diafiltration, or gel filtration followed by lyophilization 
or solvent evaporation under vacuum in commercially available 
S instrumentation such as Savant's Speed Vac. Optionally, the 
oligonucleotides may also be clectrophoretically purif i«d 

using polyacrylamide gels. 

A variety of commercially available gel filtration media 
are particularly well suited for the desalting and/or 

10 purification of antibacterial oligonucleotides. Gel 
filtration media which may be used include Sephadex or 
Superdex made by Pharmacia. Trisacryl made by BioSepra. 
BioGel (preferably P-series. or more preferably P4) made by 
BioRad. Toyopearl HW SEC made by Tosohaas. Cellufine made by 

15 Amicon. and the like. Optionally, the gel filtration step 
may be repeated several times in order to better remove low 
molecular weight species, and particularly alkyl amines 
and/or alkyl ammonium compounds, from the oligonucleotide 
preparations. 

20 Cation exchange columns comprising media such as 

Macroprep S (or CMJ made by BioRad (preferably in the NH/ 
form). Dowex resins, or Amberlite resins are also useful to 
remove contaminants from antibacterial oligonucleotide 
preparations. Typically, the pH of the eluted 

25 oligonucleotide will be increased to about 7-8 using ammonium 
hydroxide consequential to this step. 

Alternatively, exhaustive dialysis or diaf il-tration may 
be used to remove salts or contaminants that inhibit or mask 
the antibacterial activity of the oligonucleotides (e.g., 

30 alkyl amines and/or alkyl ammonium compounds) . Exhaustive 
butanol extractions, chloroform extraction followed by 
ethanol washes or multiple ethanol extractions may be used to 
obtain purified oligonucleotides that retain antibacterial 
act xvxty • 

35 Oligonucleotides to be used in bacterial experiments 

were dissolved in pyrogen free, sterile, physiological . saline 
(i.e.. 0.85* saline), sterile Sigma H,0, and filtered through 
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a 0 45 micron Gelman filter (or a sterile 0.2 micron pyrogen 
free filter prior co animal studies) . Table 1 contains a 
list of all oligonucleotide sequences used in the examples. 
Although the majority of oligonucleotides used in the 
5 examples were constructed using a phosphorothioate backbone, 
unless otherwise noted, it should be understood that any of a 
wide variety of chemical bacWaones could be also used to 
generate oligonucleotides comprising the sequences listed in 
Table 1 . The antibacterial oligonucleotides were tested 

10 for inhibition (INH) activity against drug resistant Gram 
negative [Escherichia coli ATCC accession No. 3S218) and Gram 
positive (Staphyiococcus aureus ATCC accession No. 13301) 
microorganisms. The percent inhibition data in Table 1 were 
averaged and normalized to a concentration of 2 mg/ml. 
15 Tables 2(A-W) provide time course experiments that test 

the inhibitory activity (against Escherichia coli ATCC 
accession No. 35218 or Staphylococcus aureus ATCC accession 
NO 13301) of the indicated oligonucleotides when present at 
2 mg/ml in the culture medium as targeted against genes that 
20 represent nearly all Itnown gene classes in bacteria. In 
brief Table 2A shows the inhibitory effect of 
oligonucleotide 28 (NBT 28. SEQ ID NO. 1); Table 2B tests 
oligonucleotide 10 (SEQ ID NO. 17), Table 2C tests 
oligonucleotide 43 (SEQ ID NO. 34), Table 2D shows the 
25 inhibitory effect of oligonucleotide 27 (SEQ ID NO. 45) ; 
Table 2B tests oligonucleotide 2 (SEQ ID NO. 120) ; Table 2f 
tests oligonucleotide 89 (SEQ ID NO. €1) ; Table 2G tests 
oligonucleotide 103 (SEQ ID NO. «4) ; Table 2H tests 
oligonucleotide 132 (SEQ ID NO. 65). Table 21 shows the 
30 inhibitory effect of oligonucleotide 19 (SEQ lO NO. 66) ; 
Table 2J tests oligonucleotide 16 (SEQ ID NO. 72) ; Table 2K 
tests oligonucleotide 96 (SEQ ID NO. 79); Table 2L tests 
oligonucleotide 21 (SEQ ID NO. 85); Table 2M shows the 
inhibitory effect of oligonucleotide 18 (SEQ ID NO. 9S) ; 
35 Table 2N tests oligonucleotide 105 (SEQ ID NO. 103) ; Table 20 
tests oligonucleotide 46 (SEQ ID NO. 105); Table 2P tests 
oligonucleotide 114 (SEQ ID NO. 112); Table 2Q tests 
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oligonucleotide 32 (SEQ ilO NO. 116); Table 2R tests 
oligonucleotide 73 (SEQ ID NO. 124) ; Table 2S tescs 
Ilioonucleotide 63 (SEQ ID NO. 130) . Table 2T shows ^he 
iStoi^ effect of oligonucleotide 78 (SEQ ID NO. 13*„ 
5 "Hests oligonucleotide 71 (SEQ ID NO. 151), Table 2V 
iZs oUgonucleotide 14 (SEQ ID NO. 154); and Table 2W tests 
oligonucleotide S (SEQ ID NO. 152) . 

5 2 MTr with F-ri*"ri^'-''^^ 
10 oUgcnucleotld.. £ro» aaot too- 

„r. to te.t inhibition of Mct.ri.1 growth in . 

MIC test <d.8crib«l .to»el • " o"" 
HTt^ b.=t.ri.l cells entered exponentl.l ,ro«h while the 
nttu. to Which cugonucleotid. had h.«. 
iS g««th at .11 or significt inhibition of growth Isee tebl. 

Similar reiult. were achieved with other ^ 
oligonucleotide, selected using the p.ra«ters des«ib^ 
Jl,. which were subs«,u«.tly synthesized, purxfi^J ««i 
20 tested using the saii« HIC analysis. See Table 1. 

Ihe reLlts in table x de»»strace that antxsense or 
anti,«.e (inhibition of expression by 
oligonucleotides are effective against a """^ 
Por .»«ple. genes involved in '-'^V »et.boli«^ 
2, ~t.boli».. fatty scid ^tsbolts.. cell 

1 -i-lon cell wall biosynthesis) , global regulatory 
^rtirn'^ofeii svnthesis (t«. -thes-. 
rRNA synthesis, ribosomal protein. 

virulence factors, cell wall and »«n^rane synthesis (fatty 
30 acid and phospholipid synthesis, lipopolysaccharxde 
synthesis, periplastic- secretory proteins. «-^P-^ 
pl^teins. outer.mend,rane proteins,, amxno acxd bxosynthesis . 
nucleic acid synthesis, nitrate reductase, vitamin 

metabolism, and drug resistance. antibacterial 
in fact Figure 2 shows that the described antibacterial 
oligo ucleotldes proved effective against a wide variety of, 
gen's from both Gram negative and Gram positive bacteria, 



35 
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More specifically, oligonucleotides targeted against 
bacterial genes relating to : energy metabolism (A) ; DNA 
replication (B) ; cell division (C) ; regulatory proteins (D) ; 
cell wall biosynthesis (E) ; sugar metabolism (F) ; virulence. 
5 pili, flagella (G) ; fatty acid metabolism (H) ; mRNA synthesis 
(I) ;'tRNA synthesis (J> ; rRNA synthesis (K) ; ribosomal 
protein synthesis (L) ; protein synthesis (M> ; phospholipid 
synthesis (N) ; periplasmic/secretory protein synthesis (0) ; 
regulation and synthesis of transport proteins (P) ; amino 
10 acid biosynthesis and metabolism (Q) ; lipopolysaccharide 
synthesis (R) ; purine/pyrimidine biosynthesis and metabolism 
(S) ; outer membrane protein synthesis and regulation (T) ; 
nitrate reductase synthesis and regulation (U) ; drug 
resistance (V) ; and vitamin metabolism and biosynthesis (W) 
15 were capable of significantly inhibiting the growth of both 
Gram negative and Gram positive bacteria. 

Thus, antibacterial oligonucleotides were effective 
against virtually every major cellular function tested (as 
determined by the MIC assay) . 
20 AS additional genome sequence data are obtained for 

bacteria, this invention may be extended to oligonucleotide 
targets within newly described bacterial sequences. 
Antibacterial oligonucleotides may be constructed with a 
range of backbones including, but not limited to: 
25 phosphorothioates; p-ethoxy oligonucleotides (partially or 
fully substituted); or 2'-0-methyl oligonucleotides 
(partially or fully substituted) . Oligonucleotides 
comprising all of the above backbones have proved equally 
effective in inhibiting bacterial growth. In view of the 
30 effectiveness of oligonucleotides comprising the chemical 
backbones listed above, chimeric oligonucleotides (comprising 
mixed backbones) are also deemed to be effective 

antibacterial agents. 

Several oligonucleotides based on the NBT 18 sequence 
35 (SEQ ID NO. 95) were also capable of inhibiting the growth of 
two clinically relevant pathogens that have proven resistant 
CO most conventional antibiotics - Escheri<:hia coli clinical 
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isolate ATCC accession No. 3S218 (Tables 3A and 3B) . and 
StaphylococcuB aureus clinical isolate ATCC accession Mo. 
13301 (Tables 3C and 3D) . The NBT 18 sequence variations 
that were tested in Tables 3A and 3B include: A - the NBT 18 
S sequence with a 2'-0-Methoxy substituted backbone; B - a 
truncated (12mer, SEQ ID NO, 174) version of the NBT 18 
sequence with a phosphorothioate bacJtbone; C - a truncated 
(ISmer. SEQ ID NO. 175) region of the NBT 18 sequence with a 
phosphorothioate backbone; D - a truncated (ISmer) region of 

10 the NBT 18 sequence with a phosphorothioate backbone and a 5* 
amino group; and E - the NBT 18 sequence with a 
phosphorothioate backbone. The NBT i 8 sequence variations 
that were tested in Tables 3C and 3D include: A - the NBT 18 
sequence with a 2'-0-Methoxy substituted backbone; B - the 

15 NBT 18 sequence with a p-ethoxy substituted backbone; C - a 
truncated (I2roer) region of the NBT 18 sequence with a 
phosphorothioate backbone; D - a truncated (ISmer) region of 
the NBT 18 sequence with a phosphorothioate bac)cbone; and B - 
a truncated (ISmer. SEQ ID NO. 176) region of the NBT 18 

20 sequence with a phosphorothioate backbone. The data in 

Tables 3(A-D) indicate that the observed antibacterial effect 
was largely a feature of the antisense sequence of NBT 18 
instead of the backbone of a given oligonucleotide U.e.. 
nonspecific sulphur effects, etc.). 

25 These data further indicate that oligonucleotides 

comprising less than one half of the full-length (27 base) 
sequence of NBT 18 retain the ability to inhibit the growth 
of at least two clinically significant pathogens. 

30 5.3. MIC With Cram Neoa Mva And CSram Positive Baeteyjft 

A representative numlaer of the antisense 
oligonucleotides were tested against a wide variety of 
bacterial species including Strepcococcus (Streptococcus 
mutajjs (ATCC accession No. 2S175)). Streptococcus pyogenes 

35 (ATCC accession No. 14289), Streptococcus pneumoniae or 
Pneumococcus- pneumoniae (ATCC accession No. 39937), and 
Streptococcus faecal is or Enterococcus faecalis (ATCC 
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accession Mo. 19433) . Staphylococcus aureus (ATCC accession 
NO 29213). SCapiiylococcus aureus (ATCC accession Mo. 13301). 
fischerichia coli (ATCC accession Mos. 11370. 2S922. and 
29214). salmonella typhimtxrivm (ATCC accession Mo. 23564). 
5 pseudomonas fluorescens (ATCC accession Mo. 1352S) . 

Klebsiella pneuiaonxae (ATCC accession No. 43S2) , Serratia 
liquefaciene (ATCC accession Mo. 27S92). Neisseria sicca 
(ATCC accession No. 9913). Mycobacterium smeginatis (ATCC 
accession NO. 19420). yersinia inoll are ti (ATCC accession No. 
10 43969). HaemophlJus segnis (ATCC accession No. 33393). 
Haenu>pbilus vaginalis (ATCC accession No. 14018) . Shigella 
sp. (ATCC accession NO. 11126). Vibrio fischeri (ATCC 
accession NO. 7744). and Helicobacter inustelae (ATCC 

accession No. 4 3772) . 
15 Representative data generated with phosphorothioate 

forms of the oligonucleotides are provided in Tables 4 (A-2) . 
in brief, antibacterial oligonucleotides nos. 18 (SEQ ID MO. 
73) 39 (SEQ ID NO. 30). 63 (SEQ ID NO. 130). 78 (SEQ ID NO. 

134). and 73 (SEQ ID NO. 124) were tested against Salmonella 

20 typhiJnuriujn (Tables 4A and 4B) ; antibacterial 

oligonucleotides 39 (SEQ ID MO. 30). « (SEQ ID NO. 130). 78 
(SEQ ID NO. 134). 82 (SEQ ID NO. 161). and 114 (SEQ ID NO. 
112) were tested against Pseudomonas aeruginosa (Tables 4C 
and 4D); antibacterial oligonucleotides 114 (SEQ ID NO. 112). 

2S 78 (SEQ ID NO. 134). 73 (SEQ ID NO. 124). 71 (SEQ »»• 

ISl) and 111 (SEQ ID NO. 132) were tested against Klebaxella 
p„euL,niae (Tables 4E and 4F) ; antibacterial oligonucleotides 
2 (SEQ ID NO. 50). 4 (SEQ ID MO. 173) . 127 (SEQ ID MO. 143). 
63 (SEQ ID NO. 130). and 73 (SEQ ID NO. 124) were tested 

30 against Yersinia mollareCti (Tables 4<3 and 4H) ; antibacterxal 
oligonucleotides 16 (SEQ ID MO. 72). 12 (SEQ ID NO. 80). 20 
ISEQ ID NO. 84). 3 (SEQ ID NO. 121). and 15 (SEQ ID NO. 81) 
were tested against Neisseria sicca (Tables 41 and 4J) ; 
antibacterial oligonucleotides 2 (SEQ ID NO. 50), 39 (SEQ ID 

35 NO. 30). 82 (SEQ ID NO. 161). and 114 (SEQ ID NO. 112) were 
tested against Serratia liquefaciens (Table 4K) ; 
antibacterial oligonucleotides 1 (SEQ ID NO. 119). 89 (SEQ ID 
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NO. 61). 127 (SEQ ID NO.. 143). 132 <SEQ ID NO. 15), and 114 
(SEQ ID NO. 112) were tested against Streptococcus mutans 
(Tables 4L and 4M> ; antibacterial oligonucleotides l (SEQ ID 
NO. 119). 89 (SEQ ID NO. 61). 127 (SEQ ID NO. 143). 132 (SEQ 
5 ID NO. 15), and 114 (SEQ ID NO. 112) were tested against 
Streptococcus pyogenes (Tables 4N and 40) ; antibacterial 
oligonucleotides 1 (SEQ ID NO. 119). 89 (SEQ ID NO. 61). 127 
(SEQ ID NO. 143). 132 (SEQ ID NO. 15), and 114. <SEQ ID NO. 
112) were tested against Shigella (Tables 4P and 4Q) ; 
10 antibacterial oligonucleotide 78 (SEQ ID NO. 134) was tested 
against Haemophilus (Table 4R) ; antibacterial 
oligonucleotides 114 (SEQ ID NO. 112), 10 (SEQ ID NO. 17). 21 
(SEQ ID NO. 85). 18 (SEQ ID NO. 73). and 78 (SEQ ID NO. 134) 
were tested against Mycobacterium (Tables 4S and 4T) ; 
15 antibacterial oligonucleotide 78 (SEQ ID NO. 134) was tested 
against Helicobacter (Table 4U) ; antibacterial 
oligonucleotides 89 (SEQ ID NO. 61). 127 (SEQ ID NO. 143), 
132 (SEQ ID NO. 15), pl27 (SEQ ID NO. 143 with a p-Ethoxy 
backbone), 1 (SEQ ID NO. 119). and 7€ (SEQ ID NO. 127) were 
20 tested against Knterococcus (Tables 4V and 4W) ,• antibacterial 
oligonucleotides 1 (SEQ ID NO. 119). 78 (SEQ ID NO. 134). 114 
(SEQ ID NO. 112). 127. (SEQ ID NO. 143), and 132 (SEQ 10 NO. 
X5) were tested against Streptococcus pneumonia (Tables 4X 
and 4Y) ; and antibacterial oligonucleotides 78 (SEQ ID NO. 
25 134) and 127 (SEQ ID NO. 143) were tested against Vibrio 
(Table 4Z) . The data in Tables 4A-Z indicate that the 
antibacterial oligonucleotides targeted to varying classes of 
genes are capable of strongly inhibiting the growth of a 
broad spectrum of bacterial species. No significant 
30 difference in antibacterial activity was found when different 
stereoisomers of phosphorothioate backbone oligonucleotides 
were tested. 

Additionally. Figures 3(a-c) respectively provide time 
course data providing percent inhibition as a function of 
35 time for oligonucleotides 73 XSEQ ID NO. 124). 63 (SEQ ID NO. 
130), and 18 (SEQ ID NO. 73) as measured against Salmonella 
cyphimurium; Figures 4 (a-c) respectively provide time course 



- 64 - 



WO98/03S33 



PCT/US97/1296t 



data showing percent inhibition as a function of txme for 
oligonucleotides 39 (SEQ ID NO. 30), 78 (SEQ ID NO. 13.4). and 
63 (SEQ ID NO. 130) as measured against Pseudoroonas 
aeruginosa; and Figures S(a-b) respectively provide time 
S course data showing percent inhibition as a function of time 
for oligonucleotides 73 (SEQ ID NO. 124) and 114 (SEQ ID NO. 
112) as measured against Klebsiella pnetmoniae. 

In view of the wide range of bacteria already 
successfully tested, any oligonucleotides chosen and prepared 

10 in the manner described herein will be equally effective 

against a given bacterial target. In addition to the species 
explicitly mentioned herein, a wide variety of other 
bacterial pathogens may be treated using the described 
compositions. A relatively comprehensive review of such 

15 pathogens is provided, inter alia, in Mandell et aJ.. 1990. 

n^jp ^^nles pf"^ Practi^" »f Tnf€ VT;i""« Disease 3rd. ed.. 
Churchill Livingstone Inc.. New Yorlc. N.Y. 10036. herein 
incon«>Jf*ted by reference. 

20 5.4. MTr ^.t 24 Hours 

in order to distinguish whether the antibacterial 
oligonucleotides had transient bacteriostatic effects, or 
long lasting effects, MIC assays were extended to include a 
time point of over 24 hours . These data are presented in 

25 Tables 5A-D. Tables 5A and SB show, inter alxa. that 

oligonucleotides 21 (SEQ ID NO. 156). 68 (SEQ ID NO. 148). 
and 85 (SEQ ID NO. 106). 112 (SEQ ID NO. 62), and 18 (SEQ ID 
NO 73) continue to substantially inhibit the growth of 
Staphylococcus aureus ATCC accession No. 13301, for at least 

30 25 hours. These data indicate that the tested 
oligonucleotides have long-term bacteriostatic or 
bactericidal (see Figure 9. below) effects on Staphylococcus 
aureus ATCC accession No. 13301. Moreover, the timing of 
antibacterial oligonucleotide addition does not significantly 

35 affect the observed antibacterial activity since activity was 
seen when the addition of antibacterial oligonucleotide was 
delayed for 180. 350. or 480 min. 
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conversexy, T.bl.,.5C.D indict., chat. -"^"^^ » 
,„bst«.tial .»oo« ot grc«th inhibition oco.ts initially, the 
n« oU9on»cleotid.. do not .i,nific.ntly inhibit the ,ro«h 
" «ch.ric»ia coli ATCC accaion No. «»8 when growth «.. 
5 lasayed 2, hours after the bacteria -ere initially «<PO«d to 
5 assayeu ^-1.=. i« Tables SC and SD indicate 

the oligonucleotidea. The data xn Tables SC 

that oligonucleotides 21 (SEQ ID NO. 1S6). "/'^/°3"°^,. 
148) B5 (SEQ ID NO. 106). 112 (SEQ ID NO. 62). and 18 (SEQ 
ID NO. 73) are bacteriostatic for Escherichia coli ATCC 

10 accession No. 35218. Escherichia coli 7- 
35218 represents a particularly virulent, multiple drug 
resistant strain of Escherichia coli. When oligonucleotide 
nu^r 89 .SEQ ID NO. 61) was tested against Escherachaa .ola 
accession NO. 2S922. a moderately penicillin resxstant 

15 strain, a dose-dependent long lasting ''-ter.ostat.c e«ect 
was observed (see Tables 5E and 5P) . It is expected^that 
„.ultiple doses of the same oligonucleotide, rather than a 
silgle dose, might result in enhanced long-term act.vxty 
:ga!ist the more resistant Escherichia <oli ATCC accession 

" "he'2..hour MIC studies were performed essentially as 
described above with the exceptions that: growth of the 
target bacteria to reach an 0D„. o£ O.l occurs in 
approximately 8 hours instead of about 12 to 16 hou«; 

25 b!!terial growth is monitored throughout the experiment as 
'ri l as at the end-points; and an additional test was 
ToLcted that used starved cells as the ^'^J-^^J^^^;'^- 
instead of fresh log cultures (which provided similar 
antibacterial results) . 

30 

5.5. p^jri^ f^"**^^ "" studies 

The MIC test was carried out as described in Section 
4 5 supra. The test oligonucleotides received various 
po t^synthesis treatments, and the percent inhibition of t^ 
35 cell cloture growth was calculated as described supra. See 
Tables 6A and 6B. 



- ^6 - 



PCT/US97/12961. 

WO 98/03539 



Oligonucleotide NBT. 78 (SEQ ID NO. 134). was given the 

following treatments: 

A. butanol precipitated and resuspended as an ammonium 

salt; 

5 B. butanol precipitated, converted to a sodium salt. 

desalted on a gel filtration column (described 
Section S.l) ; 

C. purified via anion exchange HPLC. desalted by gel 
filtration; 

10 D. butanol precipitated, converted to a sodium salt. 

desalted on a reverse phase HPLC column (trityl 
off) ; 

E. butanol precipitated, ammonium hydroxide added, 
desalted via gel filtration, left as an ammonium 

15 salt; 

P. butanol precipitated snSS. filtered through a 0.45 
micron filter (e.g., Gelman Acrodisc, Millipore. 
Nalgene. etc.) followed by ethanol precipitation; 

G. butanol precipitated £wi£s. filtered through a 0.4S 
20 micron filter (e.g.. Gelman Acrodisc. Millipore. 

Nalgene, etc.). and washed three times with 95% 
ethanol ; 

H. butanol precipitated EaiCfi. filtered through a 0.45 
micron filter (e.g.. Gelman Acrodisc. Millipore. 

25 Nalgene. etc.), washed with chloroform and ethanol; 

I. butanol precipitated fiMififi. filtered through a 0.45 
micron filter (e.g., Gelman Acrodisc. Millipore. 
Nalgene. etc.), butanol precipitated 2 more times, 
and washed once with ethanol. 

30 The results in Tables 6 A and 6B demonstrate that the 

protocol used to purify the oligonucleotides greatly affects 
bacterial susceptibility in a MIC test. Oligonucleotides 
that are treated only by butanol precipitation inhibited 
bacterial growth by less than 25 percent. However, 

35 oligonucleotides that were subject to: a) gel filtration, b) 
four butanol precipitations; or c) two butanol extractions, 
followed by ethanol or chloroform extractions all 
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demonacraced greater than 85% inhibition of the growth of the 
test bacteria used in the MIC assay (see B, C, E. <3. H and 
I) . Oligonucleotides may also be purified by strong anion 
exchange (SAX) chromatography, reverse-phase chromatography, 
5 strong cation exchange (SCX) chromatography, followed by size 
exclusion chromatography (SEC) . Alternatively, after the 
first SCX column, a second SCX column can be run followed by 
a reverse-phase chromatography step. Optionally, the SCX 
step may be supplemented or replaced by an alcohol (e.g.. 
10 ethanol. etc.) precipitation st«p. 

The above results demonstrated that proper post 
synthesis handling protocols play an integral role in the 
production of oligonucleotides that display antibacterial 
activity. 

IS There are a variety of contaminants that may be present 

in an oligonucleotide preparation after cleavage from the 
solid supports and removal of the protecting groups, and even 
after HPLC treatment. These contaminants include residual 
protecting groups, and contaminants that are introduced or 

20 generated during synthesis or purification. Examples of such 
contaminant include, but are not limited *o, quaternary 
amines (particularly alkyl amines and/or alkyl ammonium 
compounds), acetamide, acetic acid. 2-cyanoethanol. 
isobutyramide, isobutyric acid, benzamide. benzoic acid. 

25 succinimide. succinic acid, t-butylphenoxyacetamide (or 
acetic acid) . phenoxyacetamide (or acetic acid) . Given the 
results shown in Tables 6A and 6B. it is clear that the 
substantial removal of the above or other contaminants 
greatly enhances the antibacterial activity of an 

30 oligonucleotide. 

contaminants that are particularly important to remove 
from the oligonucleotide preparations include compounds that 
directly or indirectly inhibit bacterial uptake of the 
oligonucleotides, or otherwise mask the antibacterial effects 

35 of the oligonucleotides . One way that a contaminant may mask 
the antibacterial efficacy of an oligonucleotide is by 
stimulating bacterial growth in a manner that effectively 
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10 



compensates for the antibacterial activity of a given 
oligonucleotide. Accordingly, the present finding that 
certain contaminants (i.e.. alkyl amines and/or alkyl 
ammonium compounds) that are typically present in 
5 conventional oligonucleotide preparations may mask the in 
vitro antibacterial activity of oligonucleotides represents a 
seminal discovery that requires a fundamental reassessment of 
the utility of oligonucleotides as antibacterial agents an 

in particular, an impurity in anion exchange (AX) HPLC- 
purified modified linkage oligonucleotides has been isolated 
and partially characterized which stimulates bacterial growth 
both in vitro and in vivo. This impurity/stimulatory 
material is a mixture of small, polar, multialkyl amino or 
15 alkyl ammonium compounds that have negligible absorbance at 
254 nm. The impurity is apparently generated from the AX- 
HPLC stationary phase during the elution gradient. 

The absence of an active chromophore at 2S4 nm 
effectively renders the impurity invisible to the absorbance 
20 detectors used during HPLC of DMA oligonucleotides. Since 
anion exchange chromatography precludes the use of 
conductivity detectors to monitor peaks, the impurity is also 
• virtually invisible during the purification and analyti<:al 
HPLC procedures typically used in the manufacture of 

25 oligonucleotides. 

AS shown above, the impurity can be removed and isolated 
from the oligonucleotide preparations by using a series of 
desalting steps. For example, in the first step, the 
oligonucleotide was concentrated by first loading the pooled 

30 fractions of an AX purification run onto appropriately sized 
Hamilton PRP-1 or PRP-3 columns. The salt was then removed 
from the column by washing with water until the conductivity 
of the wash eluant was below 25 ^S/cm. Finally, the 
oligonucleotide was eluted as a concentrated solution (app. 

35 100-300 CD'S per mL) using a moderately steep (5% per mxnute) 
gradient of water: 90% ethanol. It should also be noted that 
oligonucleotides purified in this manner must contain at 
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least two phosphorothioate or p-ethoxy linkages, or some 
other non-polar modification in order to adequately absorb to 

the stationary phase. 

In the second step, the oligonucleotide solution was 
5 concentrated or removed entirely by lyophilization prior to 
further purification by size-exclusion chromatography (SEC) . 
The oligonucleotide was re-suspended in a minimum amount of 
water prior to application to the SEC column. Since 
essentially all of the salt from the AX purification was 

10 removed by the RP step, the oligonucleotide was dissolved in 
a relatively small volume of water. This small volume helps 
maximize resolution in the SEC step. 

A column was prepared using virgin BioGel P-4 medium or 
fine particle SEC medium, using a modified manufacturer's 

15 procedure to swell the medium. The column used was 45-50 cm 
long and 2.2 cm diameter. The flow rate was approximately 1- 
2 mL/minute. This size column can be used to purify 1,000- 
3,000 OD's of modified linkage oligonucleotides that are at 
least 12 bases in length. If the oligonucleotides have more 

20 than 30% phosphorothioate linkages, the maximum loading drops 
to about 2,000 OD's. Columns and sample sizes may be scaled 
up as long as a flow velocity of about 30-75 cm/hr is 
maintained, and the column height remains at least about 40 



cm. 



25 The oligonucleotides were eluted with water while 

monitoring the conductivity and the absorbance at 254 nra. 
The purification may be easily be modified by monitoring at 
280 nm, and the like. Collection began when the 
oligonucleotide concentration became appreciable (as measured 

30 by O.D.), and stopped at no later than about B minutes after 
collection began. If, after the conductivity initially rose, 
it fell and then began to rise again, -collection was 
terminated. It was important to stop -collection as described 
because oligonucleotides collected after this point typically 

35 included the stimulatory impurities. 

The collected oligonucleotide solutions were checked for 
concentration and lyophilized. Typically, the above protocol 
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resulted in the purified oligonucleotides having the desiwd 

antimicrobial activities. 

When separation continued after the coll-ection of the 
oligonucleotide peak, several other peaks were seen which 
5 displayed little ro no absorbance at 2S4 nm. but noticeable 
conductivity. The amount of impurity observed varied for 
each individual purification. The variation was probably 
attributable to the different salt concentrations required to 
elute different oligonucleotides, or variations in the length 
10 of time since the AX column was last used. etc. 

While the detected amounts of impurity generally 
remained a small percentage of the net composition, both in 
vivo and in vicro testing showed that the impuriti«s 
stimulate bacterial growth. Oligonucleotides that were not 
15 purified by AX-HPLC but are otherwise treated the same did 
not display either of the peaks observed during SEC. and did 
not have a stimulatory effect. However, oligonucleotides 
that were AX-HPLC purified and desalted as described, but 
were not further purified by SEC showed either stimulatory 
20 effects or. where the amounts of the impurities were not 
high, neutral or a significantly reduced antibiotic effect. 

Spectroscopic analysis ('H-NMR. A„. absorbance. GC-HS. 
and FAB and ESI positive ion mass spectrometry) pointed to a 
comparatively small, simple molecule, or mixture of similar 
25 components, that were eluted along with the oligo. These 
compound (s) coeluted with oligonucleotide during the rBve; 
phase concentration/desalting process. In particular, 
analysis by electrospray mass spectroscopy of small molecular 
weight material removed from an oligonucleotide preparation 
30 that had been purified on a Waters Protein Pak 40Q revealed 
complex mixture of amino compounds with the common feature of 
signals at m/z 58 and m/z 72. These two signals are derived 
from the N.N-diethyl-N- (2-hydroxypropyl) quarternary amino 
functional group used as the cationic absorption moiety on 
35 the Protein Pak Q SAX stationary phase. Electrospray 
analysis of similar material from a N.N.N-trimethyl 
quarternary amino polymer-based SAX phase <«.g.. BioRad's 

- 71 - 



PCTnJS91/12961 . 

WO98/03SU 



Macroprep Q) also yielded equivalent signals indicative of 
the cleavage of absorption sites from the stationary phase. 
These low molecular weight materials were removed by SEC. and 
were also removed by a combination of SCX and reverse phase 

5 chromatography. 

The steep ramping required for concentration purposes 
did not permit conditions suitable for resolution of close- 
running materials. However, the SEC step outlined above was 
capable of sufficiently removing the impurities to allow the 

10 detection of a consistent pattern of antibiotic activity 
inherent in the presently described purified 
oligonucleotides. Accordingly, the SEC step provides a 
process that allowed for the consistent and predictable 
removal of the stimulatory impurities from the 

15 oligonucleotide preparations. 

AS discussed above, oligonucleotides that have been 
puri f ied using different procedures (i.e.. no chromatography 
steps) consistently showed antibiotic effects that were 
comparable to the oligonucleotides purified as outlined 

20 immediately above. 

In some very non-polar oligonucleotides, such as total 
p-ethoxy and chimeras with p-ethoxy/2' -0-methyl RNAs 
components, the concentration of ethanol required <o elute 
the oligonucleotides from the reverse -phase column was high 

25 enough to allow some removal of the low-absorbing high 
conductivity material prior to the elution of the 
oligonucleotides. However, the resolution was not 
sufficiently clean to allow straight -forward 
characterization. This separation was not observed with 

30 predominantly S-oligonucleotides. 

The ability of the RP-coluiwi to provide any separation 
may also be affected by the base composition of the 
oligonucleotides as well as the type of linkages employed to 
construct the oligonucleotides. Typically, the use of 

35 ethanol provided more control over the elution process than 
acetonitrile. which has higher elution power than ethanol. 
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Additionally, the use of ethanol during this step has 
implications for cGMP validation. 

Another feature of the BP step is that the great 
reduction of inorganic salt during the reverse -phase pr<*ocol 
5 allows for the use of conductivity to monitor peak elutxon 
during the SEC separation. If the salt were not removal, the 
conductivity signal of the impurities would be masked by the 
signal from the salt, and conductivity would only be useful 
for monitoring gross system changes. 
,0 The alkyl amines and/or alkyl ammonium compounds present 

in the described impurity apparently act as a counter ion to 
the phosphodiesters and/or associated to the polar portions 

triester groups of the antibacterial oligonucleotides. 
The impurity material can not be isolated ^"^^^ ^^/^ 
15 solutions, reagents, and stationary phases used during the 
cribed synthesis and purification procedures Presently 
the impurity has only been observed in oligonucleotides that 

have been AX purified. , . 

Further characterization (by spectroscopic analysis) of 
20 the stimulatory impurities isolated during the SEC step 
revealed that they are apparently produced by cleavage of 
absorption sites on the SAX stationary phase. 

Although relatively crude oligonucleotide preparations 

were able to demonstrate significant ^VnlLirj 
25 (after substantial removal of the contaminants that normally 
hinder the antibacterial effects of oligonucleotides) FDA 
requirements for parenteral therapeutics necessitate higher 
levels of purification for animal and human use. 

„ 5 6 Jivr* !—' '^"i^ib — "T^°«TinnPnt1de Activit; 

A^xtibacterial oligonucleotides 96ss iSEQ ID NO 79) and 
73SS (SEQ ID NO. 124) (the ss denotes that oligonucleotide 73 
is targeted to the sense strand) are homologous to the sense 
strand of the targeted sequences. Oligonucleotides 96ss and 

35 73SS are thought to e.ert antibacterial activity by acting as 
antigene sequences that block gene expression by forming a 

^ J ^^^y^^ (i ^ triplex formacion) , or, 
triple -stranded complex (i.e., cirit^i.^ 
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possibly, by directly interacting with bacterial proteins. A 
time course of the antibacterial activity of oligonucleotides 
7388 and 96ss is shown in Table 7, 

5.7. The Ubo o£ Antibacterial Oligonucleotldee Against 

A ptibiotie ReaiBt a nt Bacteria ■ 

The presently described antibacterial oligonucleotides 
are also capable of inhibiting the growth of a variety of 
bacteria that are known to be resistant to various 
traditional antibiotics. Tables BCA-C and F) test the 
inhibitory activity of oligonucleotide 73 (NBT 73 - SBQ ID 
NO. 124) against clinical isolates of Hscherichxa coli that 
are known to be resistant to: streptomycin (8A) ; sulfonamide 
(8B) ; penicillin (8C) ; as well as multiple drug resistant 
Escherichia coli (8F) . Oligonucleotide 1X4 (SEQ ID NO. 112) 
also inhibited the growth of Salmonella cyphimurivm ATCC 
accession No. 23S€4 (8D) . Klebsiella pnetmoniae ATCC 
accession No. 4352 (BE), and Staphylococcus aureus ATCC 

accession No. 29213 (6G) . 

Tables 9 (A-G) test the inhibitory activity of 
" oligonucleotide 114 (NBT 114 - SEQ ID NO. 112) against 
clinical isolates of Escherichia coli that are known to be 
resistant tos streptomycin OA); sulfonamide (9B) .• penicillin 
(9C) ; as well as multiple drug resistant Escherichia coli 
(9F). Oligonucleotide 114 (SEQ ID NO. 112) also inhibited 
" the growth of Salmonella cyphimurium ATCC accession No. 23564 
(9D) , Klebsiella pneumoniae ATCC accession No. 4352 (9E) . and 
Staphylococcus aureus ATCC accession No. 29213 (9G> . 

Additional studies revealed that antibacterial 
oligonucleotides 114 (SEQ ID NO. 112). 5 (SEQ ID NO. 1S2) . 39 
(SEQ ID NO. 30). 43 (SEQ ID NO. 34). 3 (SEQ ID NO. 51), 78 
(SEQ ID NO. 134). 12 (SEQ ID NO. 153). 14 (SEQ ID NO. 154), 
23 (SEQ ID NO. 158). 24 (SEQ ID NO. 159). 22 (SEQ ID NO. 
157), 17 (SEQ ID NO. 83), 20 (SEQ ID NO. 84), 15 (SBQ ID NO. 
81). 16 (SEQ ID NO. 82), 19 (SEQ ID NO. 66), 28 (SEQ ID NO. 
" 96)! 63 (SEQ ID NO. 130). 10 (SEQ ID NO. 17). and 18 (SEQ ID 
NO. 73) significantly inhibited the growth of multiple drug 
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resistant Escherichia coli ATCC accession No. 35218 for over 
400 minutes when present at a concentration of about 0.5-2.0 
mg/ml as sho*m in Figures €(a-t). 

Additionally, antibacterial oligonucleotides 16 iSEQ 10 

5 NO 82). 18 (SEQ ID NO. 73). 1 (SEQ ID NO. 119). 5 (SEQ ID 
no" 152). 17 (SEQ ID NO. 83). 21 (SEQ ID NO. 1S€) . 132 <SEQ 
10 m. 15), 11 (SEQ ID NO. 18). 89 (SEQ ID NO. 61). and 2 
(SEQ ID NO. 50) all inhibited the growth of penicillin 
resistant clinical isolates of Staphylococcus aureus ATGC 

10 accession No. 13301 for over 400 minutes when present in the 
culture medium at a concentration of about 0.5-2.0 mg/ml 
(data are respectively provided in Figures 7(a-3) ) . 

Oligonucleotide 14 (NET 14 - SEQ ID NO. 154) was used to 
test Whether the antibacterial oligonucleotides could also be 

15 used to enhance a target bacteria's sensitivity to 

antibiotics to which the bacteria had previously P~-" 
resistant. Table 10 shows the results of a growth xnhxbi^.on 
time course experiment where oligonucleotide 14 
for the ability to inhibit the growth of Escherichia coJi 

,0 V1088 Ocnown to be resistant to ampiciUin) in the presence 
and absence of the indicated concentration of ampicxllin (50 
ug/«l. and 250 pg/ml) . Table 10 indicates that 
oligonucleotide 14 is capable of significantly restoring 
ampicillin sensitivity of Escherichia coli Y1088. 

25 

5.8. &n4iaal_StadiSS 

preliminary assessments of the in vivo efficacy of the 
presently described antibacterial oligonucleotides (using a 
Lister . Saunders test) indicate that a higher percentage of 

30 animals treated with oligonucleotide survive exposure to 
near-lethal amounts of Escherichia coli ATCC accession No. 
25922 (prepared and injected as described in Lister & 
Saunders. 1995). In particular. Figure 8 shows that mice 
treated with oligonucleotide 114 (SEQ ID NO. 112) in vivo 

35 proved more resistant to challenge by a bacterial pathogen 
than control animals. The assay was conducted essentially as 
described in section 4.6. supra, and involved a total of 5 mg 
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of oligonucleotide injected {I. P.) over a 2 day period (1 mg 
of oligonucleotide suspended in 0.5 ml of sterile saline was 
injected at 1, 5. 10, 24, and 34 hours post infection) . 
Additionally, Figure 9 shows that mice treated with the 
5 antibacterial oligonucleotide SOT 114.21 (phosphorothioate 
GGAACGCGC linked to 2 ' -methoxy riboCATTGGTATATC with an 
inverted 3' terminal deoxythymidine) had substantially 
enhanced survival after challenge with lethal quantities 
(approximately 10» cfu in mucin and iron dextran injected i.p. 

10 into CDl mice) of Staph. Aureus. In Figure 9, treatment with 
SCap*. was ToO and 5 hours after infection. -Oligonucleotide 
treatment was only administered on day 1. 

Subsequent in vivo studies have shown that SOT 114 .21 
can increase the survival of Staph. Aureus challenged test 

15 animals by about 81 percent, and increase the survival of B. 
coli infected test animals by about 95 percent (relative to 
animals treated with a placebo) . 

Similarly, when a representative antibacterial 
oligonucleotide was tested using the model of Hof ee al., 

20 additional evidence of in vivo efficacy was obtained. In 
particular. Table 11 shows that mice treated with 
oligonucleotide 132 (SEQ ID NO. 15) in vivo had mar)cedly 
reduced anvounts of bacteremia 24 hours after initial exposure 
to Escherichia coli ATCC accession No. 25922 (prepared and 

25 injected as described in Hof et al., 1986) . This assay was 
conducted essentially as described in section 4.6, and 
involved the injection of a total of 2 mg of oligonucleotide 
(1 mg injected at 6 and 10 hours post infection) . 
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5.9. standard MTC AaaavM 

TO eliminate the possibility that the observed 
antibacterial activity might be a function o£ the slightly 
5 modified version of the MIC used to generate the above data, 
antibacterial assays were conducted using the standard MIC 
assay. Given that 44 percent of all nosocomial infections 
are caused by Staph, aureus. Streptococcus, or Pseudomonas, 
these bacteria were used as targets for standard MIC assays . 

10 In brief, the standard MIC assay was conducted by using 

10x13 mm tubes to which 40 Ml of Mueller Hinton Broth 
(purchased from BBL. obtained through VWR. 3745 Bayshore 
Blvd Brisbane. CA 94005) was added. The oligonucleotides 
(including an oligo dT control) were supplied as lyophilized 

15 pellets and dissolved in 200 m1 of sterile tissue culture 
water (Sigma) . and 200 ,il aliquots of water or dissolved 
oligonucleotide were then added to the -control" or "oligo 

test" tubes.. j. w 

Bacterial suspensions were prepared by suspending the 

20 organisms in 1.0 ml of sterile-filtered saline (Sigma) at a 
concentration corresponding to an O.D.„, of 0.1-0.102. Ten 
^1 of this suspension was then added to 990 nl of saline and 
500 ul of this mixture was added to both the -control" and 
-oligo test" tubes (a concentration of approximately 1x10* 

25 bacteria per ml) . Sterile saline was added (260 mD <o each 
of test tube to reach a total volume of 1 ml. the tubes were 
vortexed. O.D..„-8 were measured (time zero), and tubes were 
incubated at 35- C tor 16-24 hours (without shalcing) . Tubes 
were vortexed in the morning, and the amount of bacterial 

30 growth (if any) was measured by measuring O.D..„ readings. 

Results from studies using the standard MIC assay are 
described in Figures 10 through 13. 

The antibacterial oligonucleotides used in the following 
studies were constructed as follows (S' to 3'): 
35 SOT T12, 12 thymidines (first six bases phosphorothioate 

deoxynucleotides. followed by six 2'-methoxy ribonucleotides 
and an inverted 3' terminal deoxythymidine linJeed by a 3'.3' 
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phosphodiescer linkage) ;.S0T.C12. 12 cytidines (first six 
bases phosphorothioate deoxynucleotides. followed by six 2 - 
methoxy ribonucleotides and an inverted 3' """^"^1 
deoxythymidine) ; SOT 89.6 (phosphorothioate deoxyCAT linked 
5 to 2' -methoxy riboGTC with an inverted 3' terminal 
deoxythymidine); SOT 89.9 (phosphorothioate deoxyCATGT linked 
to 2 '-methoxy riboCATT with an inverted 3' terminal 
deoxythymidine); SOT 89.12 (phosphorothioate deoxyCATGTC 
linked to 2' -methoxy riboATTCTC with an inverted 3' terminal 
10 deoxythymidine); SOC 89.12 (phosphorothioate deoxyCATCTC 
linked to 2' -methoxy riboATTCTC with a 3' terminal 
cholesteryl group); SOB 89.12 (phosphorothioate deoxyCATGTC 
linked to 2'. methoxy riboATTCTC with a 3' terminal biotin 
group) ; MMT 89.12 (89.12 with all methoxyribonucleotides 
IS linked to an inverted 3' terminal deoxythymidine); MPT 89.12 
(the 89.12 sequence. CATGTCATTCTC. with all p-ethoxy. 2'- 
methoxy RMA linked to an inverted 3' terminal 
deoxythymidine); SOW 89.12 (phosphorothioate deoxyCATOTC 
linked to 2' -methoxy riboATTC followed by p-ethoxy. 2 - 
20 methoxy riboTC linked to an inverted 3' terminal 

deoxythymidine); POT 89.12 (89.12 with all P-^^^^^^^^ 
linked to an inverted 3' terminal deoxythymidine); DSM 89.18 
(phoschorothioate deoxyCATGTCAT linked ^o phosphorothio 
(i.e.'. sulphur). 2'-methoxyriboTCTCCTTAAG linked to a 3 - 
25 terminal deoxythymidine); SSM 89.18 (sulphur. 2' -methoxy 
riboCATGTCATTCTCCTTAAG linked to a 3 '-terminal 
deoxythymidine); NBT 89.15 (phosphorothioate deoxy 
CATGTCATTCTCCTT linked to an inverted 3' terminal 
deoxythymidine) ; NBPT 89.12 (phosphorothioate deoxyCATCTC. 
30 linked to 2' -methoxy riboATTC. followed by p-ethoxy. 2'- 
methoxy riboTC linked to an inverted 3' terminal 
Teoxyrhymidine) ; MMPT 89.12 (2' -methoxy riboCATGT^TTC inked 
to p-ethoxy. 2' -methoxy riboTC. linked to an inverted 3 
terminal deoxythymidine); SST 89.12 (phosphorothioate 
35 deoxyCATGT linked to sulphur. 2' -methoxy riboCATTCTC linked 
to an inverted 3' terminal deoxythymidine); SOT l.lS 
(phosphorothioate deoxyTGTGTA. linked <o 2'- 
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.ethoxyriboGCCCATAGT. linked to an inverted 3' «nninal • 
rxZvlidine) . SOT S (phosphoro.hioate ^o-TXC.C UnKed .o 
t methoxy riboATATCGGTCACTC linked to an .nverced 3 
tellnaHeoxythyn^idine) , SOT 143.15 (phosphorothioate 
. del^v^^TG Unkll to 2 ' -^ethoxyriboATTAACACC linked to an 
tZZT7' terminal deoxythy^idine) . SOM-SS (a sulphur 2'- 

..etHoxyriboTCTCATTCrCCr ^ sOM 

methoxyriboTAA. linked to a 3 t*^^" [ 
10 72.1 (a 5' sulphur. 2-methoxyrxboA, Unked to 
phosphorothioate deoxyCTGA. linked to 2'- 

methoxyriboTGACTTCATCAT. linked to sulphur. 2 - 
methoxyr.bo ^^^.^^^ deoxycytosxne) , SOT 

methoxyriboGCG, iinxea «.« . o.. 
a9 21 (Phosphorothioate deoxyOGCCATtST Unked to 2 - 

K ^i^LTTCTCCTTAAG linked to an inverted 3' terminal 
" re:""^rd"rs^U. .phosphorothioate deoxyGOAACGCG. 
li^^d « 2.-methoxyriboCCATTGGTA. linked to sulphur 
linked to terminal deoxycytidine) . MMT 

2'inethoxyriboTAT, linKea co inverted 3* 

89 12 (2'-methoxyriboCATGTCATTCTC linked to an inverte 

20 terminal deoxy thymidine) ; 132 (SEQ ID NO. " ; ^ 
(sulphur. 2'-methoxyriboA. linked to phosphorothioate 

oi^CAA. linked to ---VriboCTGT<^-^CC^^^^^^^^^ - 
sulphur. 2'-methoxyriboTAG. linked to a 3' 
Te :yth;midine. SOK 72.1. or SOM 5.1 (sulphur --ethoxyT. 

.5 linkid to phosphorothioate deoxyACTT. linked to 2 
methoxyriboGACATATCGGTC. linked to sulphur. 2 
methoxyriDO terminal deoxycytidine) . and 

'"'''°TrS;(5 15 78.15. 89.15. and 114.15) or SOT (89. 18. 
mixtures of SOTts.is. 

3. «cH.xyri>«TCOT.T«:C « .eo^»nOT 

,5 cm L HXC a=s.vs „sX„, .h. i'.a'""-;"''"-^^;;"' 
.est for .ntib.=c.ri.l .ccivity .9ai„.. "^f ^. 
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C12. SOT 89. <6. 9. and 12). SOC 89.12. SST 89.12. SOT 1.15. 
SOT S. 15 (phosphorothioate deoxyACATAT linked 4:o 2'^ 
roethoxyriboCGGTCACTC linked to an inverted 3' terminal 
deoxythyinidine) . and SOT 143.15) significantly inhibited the 
5 growth of Staph, aureus (with the exception of the oligo dT 
string) relative to the control samples. 

Figures lla and lib show the antibacterial activity of 
oligonucleotides DSM 89.18. SOT 78.15 (phosphorothioate 
deoxyCATTGT linked to 2 ' -methoxyriboTTGTACTCSC linked to an 
10 inverted 3' terminal deoxythymidine) . SOM 114.15. SOT 89.18 
<phosphorthioate deoxyCATGTCAT linked to a 2'- 

methoxyriboTCTCCTTAAG. linked to an inver<:ed 3' 
deoxythymidine). SOT 89.21. NBT 89.15. NBT 89.12-1 
(phosphorothioate deoxyCATGTCATTCTC linked to a 3' -terminal 
IS inverted phosphorothioate deoxythymidine). NMPT 89.12-2 
(phosphorothioate deoxyCATGTCATTC linked Co 2 '-methyl, p- 
ethoxy TC. linked to an inverted 3' terminal deoxythymidine); 
MPT 89.12-4 (CATGTCATTCTC. with all p-ethoxy. 2'-methoxy RNA 
linked to an inverted 3' terminal deoxythymidine); MMPT 
20 89.12-5 (2'-methoxy riboCATGTCATTC linked to p-ethoxy. 2'- 
methoxy riboTC, linked to an inverted 3' terminal 
deoxythymidine); SOT 89.12-6 (phosphorothioate deoxyCATGTC 
linked to 2'-methoxy riboATTCTC with an inverted 3' terminal 
deoxythymidine); SOFT 89.12-7 (phorphorothioate deoxyCATGTC 
25 linked to 2'-methoxy riboATTC followed by p-ethoxy. 2' - 
methoxy riboTC linked to an inverted 3' terminal 
deoxythymidine) when measured in standard overnight MIC 
assays against Serratia liquefaclens. As is readily 
apparent, all of the test oligonucleotides displayed 
30 significant antibacterial activity relative .to controls. 

interestingly, the oligonucleotides used in Figures 10- 
11 retained antibacterial activity when used in standard 
overnight MIC assays over the three day time course. These 
data indicate that the tested antibacterial oligonucleotides 
35 are bactericidal for the test microorganisms. 

Figure 12 shows the level of growth inhibition obtained 
when the oligonucleotides SOC 89.12, SOB 89.12. MMT 89.12. 
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MPT 89.12. SOPT 89.12. POT 89.12. DSM 89.18, SSM B9.18. NBT 
89 15 NBPT 89.12. MMPT 89.12. SOT 89.12. and SOM.89P.»*«.re 
tested in a standard MIC assay against Staph, aureus. All of 
the tested oligonucleotides proved effective at inhibii:ing 

5 the growth of Staph, aureus. 

Figure 13 shows that several different length variants 
.•efhS07r89o21 (6v»>:a2. ^MoHphosphorothioate deoxyCATGTC linked 
to 2'-methoxy riboATTCTCCTT linked to an inverted 3' terminal 
deoxythymidine) . and lBn«rs) were able to inhibit the. growth 
10 of Staph, aureus when they were tested in a standard MIC 
assay against Staph, aureus. 

Figures 14 {a and D) compare the antibacterial activities 
..•of - the conventional antibiotic ampi^iUin and SOT 114.21 
against isolates of Staph, aureus strains 13301 and 29213. 
15 Figure IS shows that oligonucleotide mr 114.15 (2'- 

r^methoxyriboCGCCATTGGTATATC linked to an" inverted 3' terminal 
. deoxythymidine) proved capable of inhibiting the growth of P. 
aeroginosa strain 10145. an opportunistic <Sram negative, 
pathogen that has proved resistant to many conventional 
iSBO'- antibiotics, in a standard MIC assay. 

Figure 16 shows that oligonucleotide SOT 114.21 proved 
capable of inhibiting the growth of the pathogen Strep, 
pyogenes strain 14289 in a standard MIC assay. 

ppnTVALEHTS 

The foregoing specification is considered to be 
sufficient to enable one skilled in the art to broadly 

practice the invention. Indeed, various modifications of the 
above-described methods for carrying out the invention which 
30 are obvious to those skilled in the field of microbiology, 
biochemistry, organic chemistry, medicine or related fields 
are intended to be within the scope of the following claims. 
All patents, patent applications, and publications cited are 
incorporated herein by reference. 

35 



81 



WO9S/09S33 



PCTAJS97/12961 



TABLB 1 



10 



15 



20 



25 



30 



35 




- 82 - 



wo 98/03533 



PCT/US97/12961 



10 



15 



20 



25 



30 



35 



fi ■ ==J — ■ ■ ■ ' '' 

Table I 


1 AaUmierobUl 
1 susceptibiiity Atearding 

I to IKCLS StMdJftfJ 


1 f taH 


NBT 44 






3S 


CAA ooc rrc tta cct ctc att taa ctt 


1 f tsJ 


NBT 45 






3f 


5TA TTA OCT TTT TC6 CCA TGT CAC TCA' 


1 CtsO 


NBT sa . 






37 


rrc AGA GCA CCC TGC GAC ATA TTA CAC 


1 CtaA 


NBT S) 






39 


OST OCC CTT CAT CAT TGT TOT TCT CCC 


iftsZ 


NBT 54 






39 


ATT CCT TCA AAC ATA CTT TCT CTC OCA 


p«rB 


NBT 55 






40 


TOO ATC TTT CAT CCC CTT CTC CTT 


1 ZC8 TEX 

1 op«ron 


NBT 6S 


C0% tHH 


21% ZNK 


41 


CTA CAC TCC TOG CTC TTO CTT CAT CCC 

• 


[pbpB 


NBT BO ^ 


90% INH 


42% INH 


43 


* 

TCC TTT CAT GCG TOO CCT TTA TCC TTA 


IrodA 


NBT 83 






43 


TTA TCC CTC ATG ATT AAT GOT CCT COG 


[tig 


NBT 139 






44 


OCA TCT TCT TAC CTC AAA AAA TCA Cm 


1 Catvgori 


f of T*rg«ti Bagulatory Protaia* 


lien 


NBT 27 


97% INH 


100% XNH 


45. 


MSG ATT CAT AOA CCT CTC TAG TTT 


|r«l B 


NBT SS 






4C„ 


TTA ACA TCT TTT CCT CCT CCT TCA TAC 


crp 


NBT B4 . 


78% INH 


36% XNH 


47 


OTT TCC CAA CCA CCA TCC CCC CTT TAC 


lexA 


NBT 133 






41 


OCC TCC CCG TTA ACG CTT TCA TTC CCC 




r Qf Tavi 


lati Call Wall BloayotbMia • 


•0d 


NBT 1 
NBT a 
NBT 3 
NBT 7 

NBT § 


97% INK 


100% XMH 


49 

90 
SI 
52 
S3 


MC GAT ACC AAC TGT 6TA CCC CAT ACT 
ACG ACT TCC A£C GCC CCC TCT ACC ACC 
GOA GCC GAC CAT ACC GOG CCA GCC OAT 
CAA, CAA CTO COA TGO TGO TCA TTO TA^ 
ACC GCC CCA GCC GAC GAA ACC TAC TTT 


ddXA 


NBT 33 
NBT 34 
NBT 35 


70% INN 


ac% XNH 


* 

S4 

SS 
%$ 


OCT CTA ACA CAA ACT CCA TAC ATT ACC 
CAC TTC ATG TTC CCC TOA TTT ACC ACC 
CCA TCT TAA AAA CCT ATC CCG TCT AAC 


BurG 


NBT SO 






57 


CTT GAC CAC TCA TC6 TCA ACC TOO TAC 


murC 


NBT SI 






SI . 


CTT CTC TAT TCA TTC TTT AOC CCA TTA 




NBT < 






59 


CAC TCA ATG TGC CAT AAC AAA CTC CAG 


murO 


NBT 139 






€0 


CCT ACC TTC ACC -CTT CCC AGA CCA ATC 



Catagory oC Taroan Sugar MafbolAaa 



NBT 89 



sdhB NBT 112 



69% INH 



100% INH 



61 



OCT TAC CGC CAT CTC ATT CTC err AAG 



62 . CTO TCT OCC CAT TAC TAA CTA CCA ATC 



Catagory ol Taggati VAgiilanca» Hli> Flagalla 



oparon 



rim J 



INBT 

(kbt 



73 



103 



31% XNH 



76% INH 



63 



TOA CCG ACT GAT GAC TTC ATO ATG OGC 



64 CAT TCT ATA CCT ACT CCT TCC COT AAC 



Catagory of Targat; Fatty AeAd Matabolia« 



adD 



iNBT 132 



69% XNH ll00% XNH I 65 JAGC CA A ACC TTC TTC AAT_TCT TCA CCT 



I 



Catagory ot Targat » aMiA Syntha a ia /Stability 



rpoN 
eparon 



NBT 19 



alpha 

opcron 



ms 

oparon 



rho 



mpB 



NBT 29 



NBT 30 



NBT 125 



NBT 121 



100% INH 



98% XNH 



23% XNH 



66 



67 



68 



69 



70 



TAO GAT OTT CTA ACC TTT TCA ATC ACC 



TAC GGO CCA CTA TGC ACT CCT ACT ATT 



OGG CTC GTT TTC AOC TAC TTT AAT TAC 



IGAT TCA TAG TCP TCT GAG TTC TTA AAC' 



CAA CAC CAC CAC CAC CAA GCC GCG ACT 
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Table 1 



As:iaicroblat 
Sutcmptibiliiy 4hccordisff 
so ATSLl madMtfj 




val U 


HBT 


91 


operon 


WBT 


93 


tRMA 


NBT 


93 


operon 


WBT 


94 


in£A 


HBT 


100 


operon 







7C 

77 



76 



ICOC TCT JiTC «C etc ACC TAC COG CCC 
TCT ATC CAC ere ACC TAC CGQ COC 

TCA CAA TAA ACT CCT TAC CAT CCC ATT 



of T»rg«t i rmiU 
MBT 9( laO% XNH 



ithseie 




str 

operon 


>fBT 13 






80. 


kXC TCT TCC CAT TAA ATA CCT CCT CCA 


slO 


fIBT 1% 


100% ZHM 


10% XNM 


81 


5CC CAT ACC CAT tCT TTC CTT CIO CAT j 


operon 
tmD 


NBT IC 


100% XHM 


100% XHH 


83 


BCT AAA CCA ATA CTT ACC ATA ACA TCcH 


Ispe 
loperon 

jsis 

llopcron 


HBT 17 


100% XNH 


98% XHH 


83 


OTT CAB CAT ACT CTO TTC TTC OAT CAtO 


HBT 30 


99% IHM 


100% XHH 


84 


ACC TOT TCC TTC ACT ACT TAC AfiA CAtB 




HBT 31 


83% IHH 


100% IHH 


88 ' 


nCTAOCCATCTACATTCTCCTCT CTT j 


jeparon 

Ulphe 

lloperon 


HBT 39 


98% XHH 




t€ 


TAC CCC -CCA CTA TCC ACT CCT ACT ATT 


Imis 

HopTon 


HBT 30 






87 


COC CTC CTT TTC ACC TAC TTT AAT TAC 


Ucef 


HBT 31 


«7% XNH . 


■!<% XHH 


88 


fJJi CAB TTC CCA TCA TTA TTT CCT CTA 


riw J 


HBT 103 


78% XHM 




8f 




|rim 1 


HBT 107 
HBT 108 






90 

91 


TTTCCACGCAASAAATCOTOTTOjTAT 
CTC CTA ACC CCC ceo TAA ATC ACT CCT, 


llmpA 


HBT 122 






93 


TTA CTT ACA AAC COT CAC ACQ ACC CCO 


llrpmH 


HBT U3 






93_ 


SCO TTT CAT CCC CAT TTC TAC CTA AAC 



Cmtmaorv of T«rg*t» 


itr 

operon 


HBT 13 


97% ) 


nuBA 

operon 


HBT IB 


100% 


heaA 


HBT 38 


97% 


infC 


HBT 31 




tag 


HBT 38 


100%_ 


Lre 


HBT 90 




InfA 

oDoron 


HBT 110 





100% IHH- 46% IHH 



IUU» GOT CAT CTC TCC CCC AAA TAA TAC 
TCC CCC TTT AAT ACC TTA TTC CTC CAA 
hM, CAP TTC CCA TCA TTA TTT CCT CTA 
see TTC ATA CCC CTA AAT TC» CCC TOT 
CCA ACA AAC ACC TTC CCC ACA TTA CTC 
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1 Table 1 


:o HCClS ir«n«ird« 


«»t 


MBT i3S 


1 ] ioiItat TGA ATC GCG AGA AAS cag AAC -CAC 


C«t«goi 


y of Target 1 Phoapholipld Syatbaaia 


•dk 


tlBT 35 


96% IHH 


44% INK 


103 


CCG AAC CAC AAT AAT AC9C CAT TAC GAA 


pad 


HBT 105 


83% IHH 


50% IHH 


103 


AAA TCA ATT TAA CAA GOT AGC CTC CA6 




HBT X0« 






104 


CAO TCC ATT TCT TCr CTG TTC ATT GAaI 


Cat«gor 


y of Targatt Pariplaaale/Sacretory Protelaa | 


envA 


HBT 46 


59% ZHH 


25% IHH 


105 


TTT CTT TCA TCA TOO TAT TAT CTC CCc] 


tolA 


HBT B5 






106 


CG6TT6CCTTTCACACTCTCGCTT TCC 


tolB 


HBT 06 






107 


CCT CCT TCA TCA TAT CTC CCT ATA CTC 


secA 


|h8T iia 






10 a 


err TAG TTA ACA ATT TCA TTA GCA TAA 


Category of Target i Traaapert Protalaa 


blocin 
opaztin 


HBT 58 
HBT 59 
HBT SO 


84% INH 




109 
110 
111 


CCG ACA ATC TCC AGC CTG GCC GCT GAG 
ATC GGG CTT CTC CAA AAT AT8 TTG TTT 
CTT AAT TCC CTC TAG ACT TCT AAA CCT 


(huA 


HBT 114 


100% IHH 


18% IHH 


113 


G6A ACC CCC CAT TG6 TAT ATC TCT CAT 


fhuC 


HBT 115 






113 


rCC TCC ATA ACA OCC AAC TTG TOA TTA 


jhuD 


HBT 116 






114 


TAA GAG CTA ACC CCC TCA TCA ATA AAC 


ChuB 


HBT 117 






lis 


CTG CCA GAA CTT CAT CCA GGT GAG CCC 


Cat ago r 


If of Target 1 Anli 


AO Acid Bloayntbaaia 


•roC 


HBT 33 


97% INK 




118 


COG TTA TTG TTG TCT TTG CGT GTT TAC 


aroA 


HBT 3€ 






117 


CAC GGA TTC CAT CAA ACT CAA CTC TCA 


nir 

oparen 


HBT 71 


93% XMH 


43% XHH 


li8 


ATA ATT GCC ACT CTG ACT TTG CTC ATT 

> 


aad 


HBT 1 
HBT 3 
HBT 3 
HBT 7 
HBT a 


97% INK 


100% IHH 


119 
130 
131 
133 
133 


AAC GAT ACC AAC TCT GTA GCC CAT ACT 
AGO ACT TCC ACC GCC GOC TCT ACC ACC 
GCA CCC GAC CAT ACC CCG CCA CCC CAT 
CAA CAA CTC CGA TGG TGG TCA TTG TAA 
ACC CCC CCA CCC GAC GAA ACC TAC TTT 


Catagon 


r of Tan 


r 

reti Lipepolyaaecbarida Syatbaaia 


rfaY 


HBT 73 


100% IKM 


38% IHH 


134 


CTC TTT GAT CTT GCT CTT CTG AAT CAT 


riaz 


^BT 74 






135 


TAT CTA ATA TTC TTC ATC ATA AAC CTC 


rfaL 


HBT 75 






136 


TTC CTA ACC CCA TTT TTA TAC CAT ATT! 


rfax 


HBT 76 






137 


TAA TCA TCA TAA CTT TTC CAA AAC TCC 


1 pa 
oparon 


MBT 77 


78% IHH 




138 


CCA TCA TAT CGC ATC TTT ATC ACC ACC 


Catagery 


* of Tarii 


leti Purine/Pyriaidioe Bloayntbaaia 


adk 


HBT 35 . 


96% XKH 




139 


CCC AAC CAG AAT AAT ACC CAT TAC CAA 


daoC 
oparon 


MBT 63 


100% IHH 


51% IHH 


130 


CCT TTC ACA TCA CTC ATT TCA TTC TCC 


pyrE 
operon 


^T 64 






131 


TTC ATC ATA ACG GGT CAC CAT CTC CTC 


pra 


nBT 111 


B7% IHH . 




133 


CAT ATC ACC CAC CAC AAC AAC CTC ACG 


gpt 


tIBT 138 






133 


TTC GCT CAT CTC AAC TOT CCC ACC CTC 


Catagery 


of Terg 


atl Outer Neabraa 


he Proteiaa 


OBpB 

operon 


4BT 78 


L00% IHH 


13% IHH 


134 


3TA CTT CTC TTC CAT TCT TTC TAC TCC 


nlpA . J 


«BT 87 






13S. 


zee TAC ATG ATC TCT TCT CAC TTT CAT 
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T«blo I 


MUmicnciMl 
SvMceptibilitr xevordiag 

CO MCCLf SC«Btfaftf« 


CATU 


NBT 140 


100% XNH 




167 


Kth TAT ATA TAT ATA TAT 


IACI« 


N6T 141 


100% ZNH 




160 


XCA CAC ACA CAC ACA CAC 


<TCK 


NBT 143 


100% XKH 




1(9 


TCT CTC TCT CTC TCT CTC 


m,. 


NBT 13 


100% ZVH 




170 


rrr ttt ttt ttt ttt ttt 




NBT 143 


100% INK 




171 


ccc ccc ccc ccc ccc ccc 


sue A 


KBT 11) 






173 


CAA ACC CCT CTT CTO CAT CGT GAT CCC 


CRS) 


NBT 4 






171 


OAT ATC CCC ATC CTT CAA CAfi ATO ACA 
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Table ?A. Entrgy Mef bollam - Oligonucleotide i2B 



Bgcheriehi* coil 3 $2 1 8 
MuX(ipI« Drug Reslscancfc 


Time 

TmO 


CDficroi 

0 


38 %xnhib 

0.001 


0 


0 


0 


60 


0.002 


0.001 90% 


120 


0.001 


0.001 0% 


180 


0.001 


0 100% 


340 


0.008 


0 100% 


389 


O.OIS 


0 100% 


)30 


0.026 


0 100% 


HO 


0.04 


0 100%" 


JBO 


0.0S8 


• 

0.001 98% 


4i0 


0.076 


0.002 97% 


430 


0.091 


0.004 96% 


4S0 


0.109 


0.004 9€% " 



Table 2B, OHk Replication ■ Oligonucleotide iio 



Saehorlchim coli 19216 
Hulelplc Drug Reeietence 


Tine 
r-0 


Control 

0 


10 


0.003 


%Xiihib 

■1 


0 


0 


0 


€0 


0.001 




0.001 


0% 


120 


0 


0 


170 


0.003 




0 


100% 


230 


0.008 




0 


100% . 


379 


0.017 




0 


100% 


305 


0.025 




0 


loot 


340 


0.046 , 




0 


100% 


369 


0.098 




0 


100% . 


389 


0.079 




-O.0O3 


103% 


400 


0.082 




•0.002 


102% 


4X1 


0.094 . 




•0.003 


103% 


429 


0.109 




0.001 


99% 
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5 



10 



15 



BscheriebU eoii )S218 
Hultipla 0tu9 Re«iftt«nce 


Time 

TmO 


Control 

0 


43 txniuo 
o.oos 


0 


0 


0 


ios 


0.002 . 


-0.001 150% 


17S 


0.003 


-0.004 233% 


230 


0.004 


-0.001 175% 


270 


0.007 


-0.003 143% : 


100 


0.012 


•O.OOS ias% 


330 


0.022 


-0.003 U4% ' 


360 . 


0.013 


-0.003 10C% 


39S 


O.0S2 


-0.001 102% 


42S 


O.OCS 


0 100% 


44S . 


0.081 


0.001 99% 


«s 


0.09 


0.002 91% 


490 


O.IOS 


0.008 93% 



20 



Table 2D. Requlatoty Proteins ■ Oligonucleotide^ 921 







tgchericbiM eoJ 
Hulciple Drug Hi 


ti 39219 

reiatance 1 


Tim 

r.o 


Cwicrol 

0 


27 

0.002 


%lnhib 


0 


0 . 


0 




0.002 


0.001 


50% 




O.OOl 


0.001 


0% . 




0.003 


0 


100% 




o.ooa . 


0 


100% 




0.015 


0 


100% 




0.02C 


0 


100% 




0.04 ^ 


•0.001 


103% 




O.0S8 


0.001 


99% 




0.07S , 


0.002 


97% 




0.091 


0.003 


97% 




0.105 


0.003 


97% 



2S 



30 



35 
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r.ll Wall 8ioPV"t:» >««i» ■ Oli^nucleotide « 
EMCherichU 




r-0 



30 



• 9 





% Xnhib 


0.003 




0 -1 


■0.002 


a 00% . 


'0.003 


iS0% ^ 


«0.003 




»o,ooa 


in% 


_-o*ooi _ 


104%^ 


«o.ooi 


X03»_ 


»o.ooi _ 


ioa% . 


>0>002 ^ 




-0.001 


101% _ 




w% 


-0.003 


102% 
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Table 3C, Virulence. Pili. ri«^*ii« - Oligonucleotide >10: 



EBcherichU eoli 35316 
Multiple Drug Re»i»t«nce 



Tine 
ToO 



10 



_0 

60 

130 
180 
21S 

iSS. 

3IS 



32$ 
3S5 
J7S 



39S 



Concrol 



0 
0_ 
0.001 
0.003 
O.OOf 
0 .013 
0.02 
0.031 



0.0'>2 
0.085 

0.09( 



0.108 



10) 



% inhib 



0.00% 

*0.001_ 
>0.003 
-0.001 
•OJOl 
0 

0.001 



200% 
200% 
117% 
108% 
100% 
97% 



0.000 
0.015 
0.031 



86% 

82%_ 

18% 



0;02C 



76% 



15 



20 



25 



30 



T^hi. 2W. ratcv Add waf bolism - oligonucleotide 8132 



Tlae 

r-0 



60 
120 



165 

221 

235 
365 
299 
315 
335 
)SS 



St^eciehis coJl 35218 
Multiple Orug_Rc»i8C*5£0 




Control 



0.001 

0.004 



0.0O7 
0.018 
0.028 
0.039 
0.063 
0.078 
0.093 
0.107 



133 



0.003 



.0.003 
•0.003 



% Jnhlb 



400% 
150% 




0.003 
0.002 
-0.002 
«0.001 
0.003 
0.004 
0.009 
0.013 



»3% 
111% Ji 
107% 
103% 
95% 

95% 
90% 
88% 
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Table Zl, nMk Syntheaii/StabUity « Oligonuclaotlde ii9 



BseherichiM eoli 3S2ia 
Multiple Drug Resisf nee 



Tiee 

1 mw 


Control 


19 

0.005 


1 tnhib 


0 


0 


0 


60 


0.001 


•0.001 


300% 


150 


0.003 


-0.001 


150% 


19S 


O.OOS 


-O.OOl 


1201 


345 


0.013 


•0.003 


115% 


27S 


0.019 


-0.001 


105% 


330 


0.0« 


0 


100% 


350 


0.0S4 


•0.003 


104% 


3<5 


O.OSC 


0 


200% 


385 


0.079 


•0.003 


103% 


«15 


0.095 


0.003 






430 


0.105 


0.001 


99% 



Table 3J. tRHA Syntheaiji « Oligonucleotida 016 





BMCherichiM coli 35319 
Multiple Drug Reaiatance 




Time 
TmO 


Control 

0 


16 

0.003 


% Inhib 


0 


0 


0 


CO 


0.001 


-0.003 


300% 


130 


0 


-0.003 


170 


0.003 


•0.003 


167% 


330 


o.oea 


-0.003 


135% ' 


375 


0.017 


-0.004 


134% ' 


305 


0.035 


•0.004 


116% 


340 


0.046 


•O.O04 


109% 


365 , 


0.058 


•0.004 


107% 


305 


0.075 


•0.004 


•a 

105% 


400 


0.083 


-0.004 


105% 


415 


0.094 


-0.004 


104% 


435 


0.105 


•0.002 


103% 



92 



wo 98/03533 



PCT/US97/1296i 



Escherichia ceii 35310 
Hulciple Drvg Resistance ^ 


Time 


Concrol 

0 


o.oos 


% Xnhib ; 


0 


0 . 


0 


60 




•0.003 


300% 


130 


0.004 


-O.OOS 


33SI 


16S 


0.G05 


>0.004 


loot 


310 


0.011 . 


•0.003 


137% 


aso 


0.018 . 


•0.003 


111% . 




37$ 


0.035 


-0.001 


104% . 


30$ 


0.037 


0.003 


93% 


340 


0.OS6 


0.013 


77% ! 


3<0 


0.0$9 


0.03 


71% 


)S0 


0.00 


0.030 


$S% 


400 


0.09C 


0«043 


50% 


430 


0.100 


0.053 


51% 



10 



15 



20 



Table 3L. Kiboaomsl Protein Synthesis • Oligonucleotide 03 



EMchmriehU eoH 35310 
Multiple Pniq Resistance. 



Tine 

r-0 


Control 

0 


31 

0.003 


% inhib 


0 


0 


0 J 


00 


0.001 . 


•0.003 


400% ' 


130 


0.004 , 


•0.002 


150% 


165 


0.007 . 


•0.004 


157% • 


205 


0.010 


•0.001 


100% 


335 


0.030 


•0.001 


104% . 


305 


0.030 


0.001 


97% . 


395 


0.0€3 


0.007 


09% 


315 


0.076 


0.01 


07% 


335 


0.093 


0.010 


01% . 


355 


0.107 


0.03S 


77% 



25 



30 



35 



93 



wo 98/03S33 



Table 2M. Protein Synth^ia - OXigonuclcotide UIB 



10 




15 



T>bl« 2H. Phaanholipid synthesis > Oligonuclectide ilOS 



Stfcheriebie coii 3 S3 16 
itulEiple Drug ReeAetenee 




35 



- 94 - 



wo 98/03533 



ruble 10, Poripl^»«ie/secretory Profini - Oligonucleotide •A€ 



Sseh^richU eoli 3S318 
Multiple Drug Reaistancg 



Tine 
T-0 



€0 



120 



180 



240 



ass 



Control 



0.002 



0.001 



0.001 



0.001 



o.oos 



0.012 



46 



0.004 



0.001 



0.002 



0.001 



0.001 



% Znhib- 



0% 



100% 



1001 



80% 



92% 



10 



ISO 
390 



15 



420 
4S0 
470_ 
SOO 



0.027 
0.041 



0.0<l 
0.082 
0.09t 
0.108 



0.001 

0.012 



0.018 
0.028 
0.019_ 
0.046 



89% 
72% 



71% 

59% 
S7% 




20 



TiiDe 

TmO 



OBfitrol 



0.004 



114 



0.008 



% xnhib 



25 



30 



60 



120_ 

165 

210 

260 

JOS 

215 



36S 



19S 



41S 



42S 
4SS 



•0.001 



0,001 

o.oos 

0.014 
0.021 

j^.Oll 
0.052 
0.066 



0.08 



0.093 



-0.002 



.0.004 



«0.004 
«0.004 
•0.002 



0.001 
0.007 

O.OIL 
0.018 

0.026 

0.0)5 



233% 1 
180% 
11<% 
100% 
97% 



87% 



82% 



78% 



72% 
68% 



35 



- 95 



Table 20. Aflilno llcid Bioavnthesia - 01ic[onucleotlde #33 



EaeherichU eoli WIB 



Time 


Control 

0 , 


33 

0.003 


% Xnhib 


0 


0 


0 


€0 


0.002 


O.OOl 


so% 


130 


O.OOl 


0 


100% 


1S0_ 


0.003 


O.OOl 


87% 


340 


0.008 


0.001 


88% 


285 


O.OIS 


0 


100% 


lao 


0.038 


0 


100% . 


350 


0.04 


0 


100% 


380 


0.0S8 


0.003 


87% ' 


«10 


0.078 


0.003 


»7% ^ 


430 


0.091 


0.00) 


97% 


4S0 


O.IOS 


0.00) 


97% 



10 



15 



Tabl, aR. Upo«^ly»acch»riae Svnthesie - OliqonucUotide 87 




35 



- 9€ 



wo 98/03593 



9 

,,11 r— .in^yntheain - Oligonucleotide ^3 




.T. outer ^■--v--'^^ «>^otaine - ^M.»nu.leotide i7« 



20 



25 



Cschericiiie coil JSaxi 
Hultiple PruQ Retletince 



30 



% xnhlb 




35 



- 97 - 



WO9S/03S33 



Table 2i3. Wltrate Reducf >e • Oligonucleotide «ll 



5 



15 



BBChTichU eoli 35310 
Muitlpls Drug Rflslstance 


Time 

TmO 


control 

0 


71 % Xnhib 

0.003 


. 0 


0 


0 






0 1001 • 


17S 


0.003 


-0.003 1C7% 


330 


0.004 


-0.001 l3St 


370 


0.007 , 


•0.001 114% 


300 


0.013 


-0.001 1081 


330 


0.033 


•0.001 lOSI 


360 


0.033 


0 100% 


39S 


0.0S3 


0 100% 


43S 


0.06S 


0.00) 9S% 


44S 


0.081 


0.004 9S% 


4CS 


0.09 


O.ODC 93% 


490 


o.ioa 


0.013 88% 



Table 3V. Drug Reeietence • Oligonucleotide 8114 



20 



EBchTiehim coli 3S218 
Multiple Dni9 Reeistenee 



r-vr r 1 

Titne 

r«o 


Control 

0 


X14 % inbib ; 
0.008 


0 


0 


0 , 


lOS 


0.003 


>0.003 300% . 


17S 


0.003 


•O.OOS 281% 


330 


0.004 


•0.003 17S% 


370 . 


0.007 


•0.003 143% 


300 


0.013 


•0.004 131% 


330 


0.033 , 


-0.004 118% 


360 


0.033 , 


•0.004 113% . 


3»5 


0.0S3 


•0.004 108% 


43S 


o.ocs 


-0.003 10S% 


44S 


0.081 . 


-0.001 101% 


4SS 


0.09 


0 100% ' 


490 


0.108 


0.004 98% 



25 



30 



35 



- 98 - 



wo 98/03533 



PCTAJS97/n96i 




Table 3A. 




A«a*-o-Ns version is 
BalSner version IB 
C>lSmer version 18 



- 99 . 



PCr/US97/U961. 

WO 98/03533 




0,$-«nino group/l$-er verilon 18 



8*1 Inr v«r«ion IB 



20 




Ab3**0*nb version IB 
B*pethoxy version 18 
C«12Bftr veraion IB 



- 100 



WO98/03S13 



PCTAJS97/1296K 



Table )D. 



15 





5e*phyl 


ococeus mureus 13301 




Time 

TmO 


fun f m 1 

0.001 


D 


0.003 


0.00) 


%Inhib 


c 


0 


0 


0 


<s 


0.001 


A AAV 


Aft 


A Am 


. 4l%Aft 


12S 


0.002 


0.00 J 


-501 


0.003 


-S0% 


IBS 


0.003 


0.003 


lit 


0.004 


-13% 


240 


0.003 


0.003 


331 


0.004 


•33% 


39S 


0.004 


0.002 


SOI 


0.003 


2S% 


% A A 


0.007 


0.003 


S7I 


0.006 


14% 


385 


0.011 


0.003 


73% 


O.OOS 


SS% 


4iS 


o.oie 


0.002 


ea% 


0.004 


75% 


44S 


0.031 


0.003 


90% 


0.004 


81% 


475 


0.033 


0.003 


94% 


0.004 


88% 


SOS 


0.039 


0.002 


93% 


0.005 


83%' 


S}S 


0.04$ 


0.002 


96% 


0.006 


87% 


5CS 


O.0S7 


0.003 


96% 


O.OOS 


91% 


S9S 


0.073 


0.002 


97% 


0.009 


60% 


<3S 


0.09 


0.002 


9B% 


0.006 


9J% 



D'iSner version 18 



B-ieoer veroiofi 18 



25 



30 



35 



- 101 - 



PCT/US97/imi 



Table 4A. 




iTlu 
TmO 



Control 

-O.OOII 



iflwriuffl 



IS 



o.oo« 



tZnhib CJ 



0.00« 



tZnhifal 

0.00) 



0.002 



c 



9i 



0.001 



-0.001 200% 



•0.003 



JOOl 



-0.001 



>ooi *o.ooi aoot 



1S( 



o.ooa 



-0.004 



100% 



-0.00) 



200% 



-0.001 



1S0% 



-O.OOl iso% 



aco 



0.001 



-0.004 211% 



•o.ooa 



1671 



•0.001 



111% 



-0.001 I J It 



las 



0.001 



O.OOX 117% 



•0.001 



117% 



•0.001 



1171 



0.02 



100% 



•0.001 



10S% 



•0.001 



10S% 



-0.001 117% 



».001 



fS% 



10 



1C( 



0.011 



o.ooa 



94% 



0.001 



•7% o.ooa 



94% 



0.00} 



91% 



19« 



0.049 0.007 



Oi% 



o.oos 



90% 



.004 



92% 



.007 



Off% 



4a( 



0.007 



o.oia 



oaio.oi 



09% 0.007 



90% 



i.oia 



02% 



445 



O.Ofl 



0.019 



•0% 0.014 



811 



1.011 



••% 



).019 



00% 



IL 



440 



o.ioio.oai 



78% 



o.oa 



01% 0.019 



os% 



0.014 



77% 



15 



Tftbl* 4B. 



20 



25 



30 



isoiMBOlJA trphimuritta 


TiM 
TmO 


control 

O.OOS 


71 %inhii) 
o.ooa 




0 


0 


40 


•0.001 


-0.001 


lao 


0.001 


•0.001 aoo% 


ICS 


0.001 


•0.001 aoo% 


aio 


0.009 


•0.004 144% 


aco 


0.011 


•0.004 111% 


aos 


0.014 


•0.001 113% 


111 


0.017 


-0.003 105% 


ISO 


O.OSl 


•0.004 108% 


370 


• 

O.OCf 


-0.003 10S% 


190 


o.ooa 


0 100% 


410 


0.098 


-o.ooa 103% 


4io| o.iialo 100% 



35 
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20 



25 



30 




35 



- 103 - 



FCT/US97/U961 



WO98/03S33 



Table 4C. 




15 




35 



- X04 - 



PCrAJS97/12961 



Table 4C. 



YerainiM aoll»retci 



Time 

r-0 


Control 
0.001 


3 


fXnhib 
0.003 


4 


0.003 


ixnhib 


137 


%Xnhib 

0.002 


0 


0 


0 


0 


0 


90 


0.001 


O.OOl 


0% 


0.001 




0» 


0.001 


0% 


ISS 


0.003 


0.003 


0% 


0.003 




0% 


0.003 


0% 




0.004 


0.003 


281 


0.003 




381 


0.003 


28% 


ass 


0.001 


0.003 


83% 


0.003 




831 


0.004 


80% 


385 


0.01 


0.004 


801 


0.004 




80% 


0.008 


40% 


320 


0.014 


0.001 


431 


o.ooa 




43% 


0.013 


14% 


'3S0 


0.033 


0.013 


481 


0.013 




43% 


0.018 


33% 


380 


0.039 


0.018 


381 


0.018 




38% 


0.03S 


14% 


410 


0.O38 


0.028 


331 


0.037 




31% 


0.03S 


10% 


440 


0.0S4 


0.03S 


3St 


0.038 




33% 


0.040 


11% 


410 


0.075 


o.os 


33% 


0.0S6 




asi 


0.011 


5% 


SCO 


0.091 


0.07 


371 


0.071 




36% 


0.087 


9% 


SOS 


0.101 


0.073 


391 


0.07S 




a8l{o.093 


9% 



10 



15 



Table 4H. 



20 



25 



rmninis mollsntti 


TiM 
TmO 


Cencrol 
0.003 


63 


%xiihit 

0.004 


73 


%xiibib 

0.004 


0 


0 


0 


0 


90 


0.001 


0.003 


•100% 


0 


100% 


190 


0.003 


0.003 


•80% 


0.001 


90% 


3S0 


0.003 


0.003 


0% 


0.001 


87% 


300 


0.003 


0 


100% 


0.001 


87% 


145 


O.OQC 


0.00) 


so% 


0.003 


S0% 


37S 


0.008 


o.oos 


38% 


o.oos 


>M 


41S 


0.013 


0.008 


38% 


0.009 


31% 


485 


0.033 


0.018 


23% 


0.019 


17% 


SOS 


0.031 


0.037 


13% 


0.037 


18% 


S4S 


0.05S 


0.043 


33% 


0.043 


33% 


S7S 


0.014 


0.06S 


13% 


0.084 


14% 


805 


0.093 


0.083 


11% 


0.08 


14% 


81S 


0.103 


0.089 


14% 


0.088 


1S% 



105 



PCTAIS97A2961. 



Table 4X. 




25 



30 



35 



106 



wo 98^3593 



PCT/US97/1296I . 



Table 4J. 



5 



10 



15 



20 













Tine 


Concrol OD 
0.039 


3 

o.ou 


tinhil 


IS 


o.osc 


%XnKib 


0 


0 


0 


0 


10 


0 .002 


-O.OOl 


< 


0.001 


<s 


0.002 


-O.O04 


0 


US 


O.OOC 


-O.OOi 


iin 


0.003 




07% 


ISO 


o.ox 


0.004 


00% 


•0.003 




130% 


ISO 


0.014 


O.OOS 


-JEIS 


-0.003 




114% 




0.025 


0.004 


§4% 


-0.001 




113% 


lod 


0.037 


O.OOi 


701 


0.01 




63% 


J Jl 


fl fl>9 

W • WAS 


O.OIS 


4011 


0.011 




38% 


390 


0.03^ 


0.013 


C4I 


-0.003 




109% 


450 


0.031 


O.OOS 


041 


0.01 




08% 


490 


0.03« 


0.0X2 


47% 


O.OK 




5C% 


S20 


0.030 


0.007 


03% 


o.oli 




S3% 


SCO 


0.049 


O.OU 


7i,% 


0.031 




$7% 


990 


O.0S3 


0.011 


79% 


0.03 




C3% 


C20 


o.osi 


0.011 




O.Oli 




68% 


6S0 


0.059 


0.013 


60% 


0.018 




69% 


cto 


O.OM 


O.Oll 


03% 


0.03 




60% 


710 


O.OSA 


B.013 


•2% 


0.17 




7S% 



Table 4K. 



25 



35 





Sernr 


i« ii4uef«ci«fl 




Tine 

TmO 


Control 
•0.001 


2 %Znhifc 
-0.001 


39 

0. 


%Zfihifa 
001 


83 

0. 


%Znhib 
003 


114 


tZnhlD 

0 


0 


0 


0 


0 


0 


0 


110 


0.003 


0.003 


0% 


0.003 


0% 


0 


100% 


0.003 


0% 


180 


0.003 


0.003 


0% 


O.OOI 


67% 


0.001 


67% 


0.003 


131 


340 


0.003 


0.003 


33% 


0.001 


67% 


0.001 


67% 


0.003 


13% 


300 


0.003 


0.003 


0% 


0.001 


50% 


0 100% 


0.001 


50% 


](a 


0.005 


0.002 


(Ot 


0.001 


101 


0 


• 100% 


O.OOI 


80% 


430 


0.011 


0.003 


73% 


0.001 


91% 


0.001 


91% 


0.003 


83% 


47S 


0.032 


0.003 


06% 


0.003 


91% 


0.001 


95% 


0.003 


86% 


$30 


0.041 


0.003 


93% 


0.001 


98% 


0.001 


90% 


0.003 


95% 


610 


O.O02 


0.001 


96% 


0.001 


S9% 


0.001 


99% 


0.003 


98% 


ISS 


0.1 


0.001 


97l] 


0.001 


994 


0.001 


99% 


0.003 


98% 



107 - 
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10 



15 



table 4L. 



Strepcocoeem mutMnw 



tifB* 

M 


Control 

ft. 114 


1 

0. 


llnhifa 
107 


19 

0. 


%Xnhita 
107 


137 

0. 


%Xnhib 
197 


0 


0 


0 


0 


0 


S( 


0.001 


•0.00) 


4001 


•0.001 


300% 


•0.003 


300%' 


119 


o.ooc 


•0.001 


1171 


0.003 


90% 


0.001 


03% 


14 S 


0.011 


-0.001 


109% 


0.003 


73% 


0.003 


7)% 


110 


o.ou 


0.002 


ill 


0.001 


90% 


0.009 


99% 


310 


0.033 


0.004 


•21 


0.01 


99% 


0.009 


94% 


M 


0.031 


0.009 


71% 


0.019 


93% 


0.014 


99% 


390 


0.047 


O.OU 


<i% 


0.031 


99% 


0.031 


99% 


330 


0.0S9 


0.033 


63% 


0.03C 


99% 


0.03 


49% 


JSfl 


0.071 


0.03 


S0% 


0.033 


99% 


0.04 


44% 


305 


0.083 


0.03C 


SS% 


0.033 


91% 


0.047 


43% 


41S 


0.097 


0.043 


97% 


0.03S 


91% 


0.09 


49% 


445 


0.109 


0.04S 


99% 


0.039 


94% 


0.09) 


43% 



Table 4N. 



20 



25 



30 



II s 


crepKOCC 


ceu« mutMM 




TmO 


Control 
0.194 


133 

0. 


%Xiihib 
197 


114 

0. 


%zahib 
113 


0 


0 


0 


0 


90 


0.001 


•0.003 


100% 


•0.00) 


400% 


1L9 


o.ooc 


0.001 


821 


-0.001 


117% 


149 


0.011 


O.OOi 


91% 


0.003 


93% 


190 


0.019 


0.009 


93% 


0.004 


79% 


310 


0.032 


0.008 


94% 


0.009 


94% 


249 


0.031 


0.01 


99% 


0.013 


99% 


390 


0.047 


0.017 


94% 


0.039 


47% 


330 


0.099 


0.033 


9)% 


0.034 


42% 


390 


0.071 


0.037 


93% 


0.049 


37% 


JIS 


0.092 


0.039 


69% 


0.094 


• 

)4% 


415 


0.097 


0.033 


99% 


0.093 


)9% 


445 


0.109 


0.034 


69t 


0.069 


J7»| 



35 
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TabX« 4N. 



10 



1 


rrime 

TmO 


Control 

p. 171 


1 

0. 


%Xnhlk) 

179 


89 

0 


%Xnhifa 

.177 


127 

0 


%Inhib 

.179 


0 


0 


0 


0 


0 


nil 




0 


100% 


•0.001 


300^ 


•0.004 


$00% 


ITO 


0.003 


-0.001 


1674 


•0.002 


167.4 


•O.OOS 


367% 


2t0 


o.oos 


•0.001 


1201 


0 


100% 


•0.003 


160% 


240 


0.001 


-O.OOl 


111% 


•0.001 


111% 


•0.003 


12S% 


100 


0.01 


0 


1004 


0.001 


90% 


0 


100% 


345 


0.OI4 


0.001 


79% 


0.003 


ai% 


0 


100% 


J90 


0.011 


O.OOf 


71% 


0.001 


•6% 


0 


i22i 


4S0 


0.03C 


O.Oi 


72% 


0.000 


71% 


0.007 


81% 


sie 


0.067 


Q.017 


7S% 


o.ois 


761 


O.OIS 


70% 


S40 


0.093 


0.011 


^31 


0.036 


731 


0.03S 


73% 


sss 


0.107 


0.034 


74* 


0.039 


71* 


0.035 


77% 
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Table 40. 



20 



25 



1 ^cropeoeeccuo pyo^oiiM 


TlBC 

TmO 


Concrel 

0.177 


132 

0.177 


%lnhlb 


114 

0.111 


tlnhib 


0 


0 


0 


0 


110 


0.001 


•0.001 


200%^ 


-0.001 


133% 


170 


0.003 


•0.003 


200% 


•0.003 


175% 


210 


0.001 


0 


100% 


-0.004 


300% 


240 


o.oot 


•0.001 


113% 


-0.001 


117% 


300 


0.01 


o.eoi 


90% 


0 


100% 


345 


0.014 


0.002 


86% 


0.001 




3fO 


0.021 


0.004 


81% 


D.OOS 




410 


0.036 


0.009 


75% 


0.019 


5S% 


SIO 


0.067 


0.015 


78% 


0.031 


47% 


540 


0.093 


0.031 


77% 


0.047 


45% 


555 


0.107 


0.021 


80% 


0.053 


48% 
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Table 4P. 



10 









Mioei3« 












1 


tXnb 


09 


OXnh 


127 


%Iiih 


TmO 


0.001 


o.oos 


0.003 


0.004 


0 


0 


0 


0 


0 


95 


0.001 


•0.001 


200% 


-0.001 


200% 


-0.001 


200% 


1$S 


o.oos 


-0.001 


130% 


-0.003 


100% 


•0.003 


140% 


m 


0.009 


-0.001 


111% 


•0.003 


123% 


•0.003 


122% 


21% 


0.037 


0 


100% 


-0.003 


107% 


-0.001 


104% 


lOS 


0.030 


0 


100% 


•0.003 


100% 


•0.003 


10S% 


33S 


0.044 


0.001 


90% 


-0.001 


103% 


-O.OOS 


1 

107% 


16S 


0.047 


0.004 


91% 


-0.003 


104% 


•0.001 


102% 


S9S 


O.OSl 


0.006 


ii% 


•0.002 


104% 


-0.001 


102% 


43S 


O.OSl 


O.OOB 


... 


•0.003 




-O.OOl 


103% 
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Table 40. 



25 





Tine 

TmO 


Cdntrol 

0.001 


133 %Xilh 

0.003 


114 %tAh 

0.00) 


0 


0 


0 


0 


9S 


0.001 


-0.001 300% . 


•0.001 300% 


15S 


o.oos 


-0.001 130% 


•0.003 140% 


31S 


0.009 


•0.001 111% 


•O.OOS 133% 


27$ 


0.037 


-O.OOl 104% 


•0.001 111% 


SOS 


O.OSO 


-0.003 109% 


•o.oos ioi% 




0.044 


•O.OOS 107% 


•0.003 107% 


ICS 


0.047 


•0.001 103% 


-0.003 10C% 


391 


0.051 


0 100% 


•0.003 104% 


43S 


O.OSl 


0 100% 


•0.002 104% 
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Table 4R. 



10 



1 HsemophiluB 


Tlae 


Control 


78 


%liih 




0.161 


0.017 




0 


0 


0 


70 


0.007 


0 


100% 


140 


0.013 


0.008 


33% 


190 


0.0X3 


0.01 


33% 


3Jf 


0.013 


0.013 


0% 


37S 


0.013 


0.013 


0% 


JOS 


O.OIS 


0.013 


30% 


>6S 


0.016 


0.013 


19% 


34' 


0.03S 


0.0X1 


S8% 


29' SO' 


O.OSl 


0.014 


73% 


«• 


0.341 


0.031 


91% 
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Table 4S. 



tiycobmeteriua 



20 



Time 


Concrel 


114 


%Zlih 


10 


%Xnh 


21 


%Xnh 


r»o 


0.1C7 


0.163 




0.168 




0. 


16S 


0 


0 


0 


0 


0 


90 


0.006 


0.001 


0J% 


o.oox 


83% 


0.003 


67% 


120 


0.009 


0.003 


67% 


0.002 


78% 


0.006 


33% 


ICS 


0.014 


o.oos 


64% 


O.OOS 


64% J 


0.01 


29% 


19S 


o.oai 


0.006 


71% 


o.oos 


76% 


0.008 


62% 


240 


0.031 


0.007 


67% 


0.007 


67% 


0.009 


S7% 


370 


0.018 


0.011 


7§\ 


o.ox 


44% 


O.OX] 


38% 


30S 


0.038 


0.016 


43% 


0.012 


$7% 


0.014 


so% 


40S 


0.04 


0.036 


3S% 


0.032 


20% 


0.02$ 


38% 


46S 


O.OSl 


0.033 


37% 


0.041 


20% 


0.032 


37% 


S3S 


0.063 


0.04 


37% 


O.OSl 


19% 


O.043 


32% 


SSS 


0.073 


0.046 


37% 


0.06 


18% 


0.0S3 


39% 


SOS 


0.08 


O.OSl 


36% 


0.06S 


19% 


o.oss 


31% 


61S 


0.08S 


0.062 


37% 


0.07] 


14% 


0.063 


27% 


64S 


0.097 


0.06S 


33% 


0.079 


19% 


0.068 


30% 
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Table 



10 



15 





MycobmetBrium 








Contcol 


18 


IXnh 


78 


%znh 


TmO 


O.lffT 


0. 


183 


0. 


166 


0 


0 


0 


0 


90 


o.ooc 


«0.001 


■ 1171 


0 


100% 


120 


0.009 


0.003 


781 


0.003 


67% 


M 


0.014 


0.007 


SOI 


0.002 


79% 


19% 


0.031 


0.006 


71% 


0.004 


Bl% 


240 


0.031 


0.000 


62% 


0.006 


71% 


370 


0.010 


0.000 


S8» 


0.003 


83% 


SOS 


0.030 


0.01 


841 


0.009 


68% 


40S 


0.04 


0.022 


4S% 


0.018 


SS% 


46$ 


O.OSl 


0.03 


41% 


0.034 


S3% 


S2S 


0.0S2 


0.037 


41% 


0.029 


S4% 


SSS 


O.OVJ 


0.044 


40% 


0.037 


49% 


SOS 


0.00 


0.047 


411 


0.04 


S0% 


SIS 


o.oos 


O.0S2 


19% 


0.042 


Sl% 


<4S 


0.097 


0.0S9 


39% 


0.0S6 


42% 



20 



TAblo 4V. 



25 



Nttlieobaccer 


Tiae 

TmO 


Control 

0.08 


78 %Znh 
0.084 


0 


0 


0 


70 


-0.004 


•0.009 


n 


0 


-0.008 


II ^'^ 


0.001 


*O.0OS 600% 


1 


0.003 


•0.001 133% 


27S 


0.004 


0 100% 


30S 


0.009 


0.004 S6% 


38S 


0.01 


0.003 70% 


24' 


0.057 


0.01 02% 


29' SO' 


0.06S 


0.012 82% 


46* 


0.06S 


O.OOS 92% 
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Table 4V. 



Sncerococcuj 



Tlafi 

TmO 


Control 
0.09 


89 %Xnh 
0.060 


137 %Znh 
0.087 


113 %Xnh 
0.080 


P137 %Xnh 
0.006 


0 


0 


0 


0 


0 


0 


60 


0 


*0.004 


*0.00( 


•0.006 


-0.007 


lOS 


0.005 


-0.004 180% 


•0.003 140% 


•0.003 160% 


•O.OOS 300% . 


ISO 


0.036 


0.009 69% 


0.009 65% 


0.008 69% 


0.01 C3% 


i70 


0.066 


0.039 96% 


0.039 56% 


0.035 63% 


0.013 53% 


19S 


0.076 


0.04 47% 


0.04 47% 


0.036 53% 


0.043 4S% 


210 


0.091 


O.OSl 44% 


0.053 43% 


0.047 48% 


0.054 41% 


31$ 


0.11 


0.063 44% 


0.064 43% 


O.OSS • 50% 


0.066 40% 



10 



15 



Tabl* 4W. 







£heerecoccu9 




— 1 


TiM 

r-0 


control 
0.043 


1 %Xnh 
0.049 


76 

0.049 


%lnh 1 


0 


0 


0 


0 - 


(11 


60 


0.003 


*0.003 


300% 


-0.001 


190% n 


i 


0.006 


•0.001 


117% 


0 


100% 1 


160 


0.033 


0.003 


91% 


0.003 


•7% 1 


190 


0.036 


0.01 


73% 


0.013 


641 11 


310 


0.051 


0.015 


71% 


0.03 


61% ll 


310 


0.074 


0.033 


58% 


0.04 


46% 


345 


0.003 


0.037 


55% 


0.046 


45% II 


355 


0.094 


0.047 


50% 


0.057 


39% P 


3«S 


0.109 


0.0S4 


50% 


0.065 


40% (1 



20 



25 



30 



35 



- 113 • 



WOW03533 



PCrAIS97/12961 



T«blo 4X. 



10 



Time 

TmO 


Control 

0.17 


1 »lnh 

0.173 


78 %Xnh 

0.174 


114 

0.17 


%Xnh 


0 


0 


0 


0 


0 


(0 


0.004 


0 


100% 


0 


100% 


-0.001 


12S% 


110 


0.003 


•o.oos 


3C7% 


•0.001 


133% 


•0.001 


133% 


ITO 


0.003 


•0.003 


200% 


-0.001 


133% 


•0.001 


133% 


220 


0.004 


•0.003 


ISO! 


0 


100% 


•0.001 


13S% 


2$Q 


0.004 


•0.001 


13S% 


•0.001 


12S% 


•0.001 


12S% 


J 10 


0.007 


•0.003 


139% 


0 


100% 


•0.001 


114% 


170 


0.000 


•0.003 


138% 


0 


1001 


0 


100% 


44S 


0.009 


-0.003 


133% . 


0 


100% 


0 


100% 


40S 


0.009 


-O.OOJ 


13)% 


0.001 


89% 


0.001 


89% 


19* IS* 


0.014 


0.001 


93% 


0.011 


21% 


0.006 


4)% 


aiMi* 


0.014 


0.001 


93% 


0.01 


39% 


0.008 


97% . 




O.OIS 


0.003 


87% 


0.013 


30% 


0.008 


47% 


17' 


O.OK 


0.001 


94% 


0.013 


19% . 


0.009 


44% 


38')0' 


O.OU 


o.ooa 


88% 


0.014 


131 


0.01 


)8% 




0.03) 


0.016 


33% 


0.034 


.-111- 


0.018 


22% 


4i*10* 


0.024 


0.008 


C7% 


0.03S 


•4% 


0.014 


42% 


51«30' 


0.034* 


0.01 


90% 


O.OSS 


-4C% 


0.033 


8% 


S4'30» 


0.03S 


0.011 


98% 


0.038 


•8% 


0.021 ■ 


19% 


70*JS* 


0.03S 


0.014 


(0% 


0.0)1 


C% 


0.037 


3J% 


9$' J$' 


O.OS 


0.03S 


SOI 


0.0S9 


-18% 


0.04 


20% j 


1 101* 


0.0C9 


0.03S 


«3% 


0.046 


32% 


0.04) 


371 
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Table 4Y. 



Screpcococeug pnexmanis 



Tine 


1 Control 


127 


%Xfih 


132 


%Znh 




t 0*17 


0.172 


0.U7 


0 


1 0 


0 


0 




1 A AAA 


•0.001 


12SI 


•0.001 


X2S% 




1 A An V 
1 D.OOJ 


•0.001 


123% 


•0.003 


200% 




1 0.00 J 


•0.002 


1(7% 


-0.003 


200% 


220 


1 0.004 


-0.002 


1S0% 


•0.002 


1S0% 


ei ^ 


1 0.004 


•0.001 


125% 


-0.002 


1S0% 


310 


1 0.007 


-0.002 


129% 


•O.OOl 


114% 


370 


1 0.008 


0 


100% 


0 


100% • 


44S 


1 0.009 


0 


100%* 


0 


100% 


48$ 1 


0 . 009 


0 


100% 


0 


100% 


i9*]S* 1 


0.014 


0.008 


43% 


0.009 


30% 


. 2i'J5' 1 


0.014 


0.007 


501 


0.009 


)$% ' 


2J*JS* 


O.OIS 


o.oos 


47% 


0.009 


40% 




o.ou 


0.01 


3T% 


0.013 


19% 


2I«30* 1 


O.OIC 


0.012 


2S% 


0.012 


2S% 


4S'20* 1 


0.021 


0.019 


17% . 


0.022 


4% 1 


4B'20* 1 


0.024 


0.2 


17* 


0.021 


13% 


SX'20* 1 


0.024 


0.021 


12% 


0.022 


8% 


S4'20' 1 


0.02C 


0.022 


1S% 


0.024 


8% 1 


70*35* 1 


O.Olf 


0.027 


23% 


0.033 


6% 




O.OS 


0.048 


4% 


O.OS 


0% 


101' 1 


0.06a 


0.048 


29% 


0.0S2 


24% 
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Vibrio 


Tine 
TmO 


Control 
0.138 


78 

0.142 


%lnh 


127 

O.IO 


%tnh 


0 


0 


0 


0 




0.002 


•0.001 


1S0% 


•0.001 


2S0% 




0.002 


0 


100% 


•0.002 


200% 




O.OOS 


0 


100% 


0 


100% 




O.OOS 


0.001 


80% 


-0.002 


140% 




O.OOS 


0.001 


80% 


>0.003 


1(0% 




O.OOS 


0 


100% 


0 


100% 




0.00« 


•0.001 


12S% 


-0.002 


1S0% 


24 * 


0.006 


0.003 


so% 


0 


100% 


4£ * 


0.17T 


o.ooc 


»v% 


0.120 


27% 
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Tabic SA. 







StMphyloceecus aiireutf 13301 






Time 


Concrol 

0 . 0«4 


31 


0.004 


%lnhil 


6B 


%Xnhik 
0.003 


es 


%Xnhlta 
0.003 




1 


0 


0 


0 


CI 




0.001 




01 




•100! 


0.001 


0% 




A AA^ 


0.003 




01 


V • VU J 


_CA4 

•»0I 


A AA4 

0.003 


0% 




0 . 00. 


0.003 




]J% 


0.003 


0% 


0.003 


0% 


340 


0.003 


0.003 




33% 


0.003 


0% 


0.002 


33% 


29% 


0.004 


O.OOl 




75% 


0.003 


3SI 


0.003 


50% 


340 


0.007 


0.003 




71% 


6.003 


S7| 


0.003 


57% 


3es 


0.011 


0.004 




«4% 


0.003 


73% 


0.002 


83% 


415 


0.01« 


0.002 






0.003 


01% 


0.001 


94% 


44S 


0.031 


0.003 




901 


0.003 


80% 


0.002 


90% 


47S 


0.033 


0.003 




94% 


0.003 


911 


0.003 


94% 


SOS 


0.039 


0.001 




97% 


0.003 


90% 


0.003 


93% 


SSI 


0.04S 


0.001 




90% 


0.003 


99% 


0.003 


98% 


S<S 


0.097 


9 1001 


9.001 


98% 


B.003 


95% 


59S 


0.073 


.003 




97% 


».003 


90% 


3.003 


98% 


<3S 


0.09 


9.003 




9t% 


).003 


9SI 


».003 


98% 


2%* 


0.4S6- 


-0.003 




100%{( 


) 


100% 


1.038 


94% 
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Table SB. 



10 



15 





S cmphyl oeoeeuM 




13301 




• Ana 


Oanerol 
o.ooa 


1X3 llnhife 

o.oos 


10 


IXBhib 
0.003 


0 


0 


0 


0 


fS 


0.00} 


0 


100% 


0.001 


0% 


13S 


0.003 


0.002 


01 


0.003 


-SOI 


IBS 


0.003 


O.OOX 


<n 


0.002 


33% 


340 


0.003 


O.OOX 


611 


0.003 


331 


39S 


0.004 


0.002 


SOI 


0.003 


SOI 


34Q 


0.001 


O.OOX 


8<% 


O.OOS 


i 

S1% 


38S 


0.0X1 


0.001 


91% 


0.003 


131 


41S 


Q,OX€ 


0 


100%, 


0.OO3 


••% 


445 


0.031 


0 


1001 


0.003 


901 


47S 


0.033 


0.001 


91% 


0.003 


941 


SOS 


0.039 


0.001 


91% 


0.003 


93% 


S3S 


0.04S 


0.003 


SCI 


0.003 


9CI 


SfS 


0.051 


0.003 


9€% 


0.003 


9S% 


595 


0.013 


0 .001 


991 


O.O03 


91% 


S2S 


0.09 


0 


1001 


0.003 


991 


as* 


0.4SC 


-0.003 


1011 


0 


100% 
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25 



35 







SscherieHic coil 3S318 
Multiple Osug Retiatonce 








Tine 

r-0 


Control 

0.001 


31 


iXnhU 

0.O04 


68 

0.005 


ilnhlfe 


8S 

0 


IXnhlb 

.005 


0 


0 


0 


0.001 




0 


.001 


70 


0.003 


0.001 




se% 


•O.003 


3001 


•0.001 


ISOI 


130 


0.003 


0.001 




$0% 


•0.001 


isoi 


•0.001 


1801 


190 


0.003 


•0.001 




1S0% 


•0.003 


3S0I 


-0.003 


300% 


3S0 


0.009 


•0.003 




133% 


•0.003 


1311 


-0.00) 


133% 


39S 


O.OIS 


-0.003 




113% 


•0.003 


1131 


-0.003 


113% 


33S 


0.034 


•0.001 




1041 


•0.003 


1081 


•0.003 


108% 


3S5 


0.033 


•0.003 




106% 


•0.003 


1061 


•0.003 


1061 


385 


0.04C 


-0.003 




104% 


-0.003 


1011 


-0.003 


1041 


41S 


0.068 


•0.001 




1011 


•0.003 


10)% 


•0.002 


103% 


445 


0.081 


•0.001 




1011 


•0.001 


101% 


-0.001 


101% 


485 


0.1 


-0.001 




1011 


•0.001 


1011 


-0.003 


103% 


SS5 


0.136 


0.009 




931 


0.01 


931 


O.OOS 


96% 


31' 


0.191 


0.196 




-31 


0.193 


•11 


0.193 


•1% 
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Table SD. 




Eficherichl* coii 3S21B 
Kulciple Drug ReaiiCAnce 




Tine 
TmO 


Control 

0.001 


113 IXnhil 

0.004 


10 %lnhib 
0.003 


0 


Q 


•0. 


003 


0 


7€ 


0.003 


•0.004 


300% 


-0.001 


1S0% 


130 


0.003 


•o.oos 


3S0I 


•0.001 


1S0% 


190 


o.ooa 


•o.oos 


350% 


•0.001 


1S0% 


250 


0.00» 


-o.oos 


1S6I 


•0.001 


1111 


39S 


O.OIS 


-0.004 


137% 


0 100% 


3 35 


0.034 


•0.004 


117% 


-0.001 


104% 


)SS 


0.033 


•o.oos 


IICI 


0 


100% 


38S 


0.04€ 


-0.004 


109% 


-0.001 


103% 


4 IS 


0.048 


•0.004 


1041 


0 


100% 


44S 


0.007 


•0.003 


103% 


0.003 


97% 


4€5 


0.1 


-0.004 


104% 


0.004 
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What is claimed is ; 

1. A method for treating an animal, including a human, 
having an infection caused by a pathogenic bacterium, 
comprising: administering to -the animal a composition 
5 comprising a pharmaceutical ly acceptable carrier and a 

substantially nuclease resistant oligonucleotide having about 
8 to about 80 nucleotides and targeted to a nucleic acid or 
protein in the bacterium in an amount sufficient to alleviate 
a symptom of the infection. 

10 2. The method of claim 1, wherein the nucleic acid or 

protein is involved in the synthesis, metabolism, assembly or 
regulation of at least one of the group consisting of energy, 
DNA replication, cell division, regulatory proteins, cell 
walls, sugars, virulence, fatty acids, mRNAs, tRNAs, rRNAs, 

15 ribosomal proteins, proteins involved in protein synthesis, 
phospholipids, periplasmic proteins, secretory proteins, 
flagellar proteins, transport proteins, amino acids, 
lipopolysaccharides, purines, pyrimidines, pili, outer 
membrane proteins, nitrogen, antibiotic binding proteins and 

20 vitamins. 

3. The method of claim 1, wherein the oligonucleotide 
is capable of associating with a nucleic acid or protein in 
the bacterium such that it inhibits at least one of the group 
consisting of bacterial growth, reproduction, metabolism, 

25 synthesis of toxins, progress of infection and virulence. 

4. The method of claim 3, wherein the associating is 
hybridizing to an mRNA in the bacterium at or near the 
initiation codon, in the 5' untranslated region, in the 3' 
untranslated region, internal to the <;oding region or an 

30 intermediate region of the mRNA. 

5. The method of claim 3, wherein the associating is 
hybridizing to DNA in the bacterium. 

6. The method of claim 5, wherein the hybridizing 
forms a triplex structure. 

35 7. The method of claim 3, wherein the associating is 

binding with a protein in -the bacterium. 
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8. The method of claim l« wherein the oligonucleotide 
hybridizes co any one of the operons listed in Table 1. 

9. The method of claim 1, wherein the oligonucleotide 
hybridizes to any one of the genes listed in Table 1. 

5 10. The method of claim 1, wherein the oligonucleotide 

comprises a sequence drawn from SCQ ID NOS. 1-176 of the 
Sequence Listing or a functional equivalent thereof. 

11.. The method of claim 1, wherein the oligonucleotide 
has been purified by a method comprising at least one method 
10 from the group consisting of diafiltration, gel filtration, 
high performance liquid chromatography, fast performance 
liquid chromatography « alcohol precipitations, or alcohol 
extractions followed by ethanol or chloroform extractions. 

12. The method of claim 1, wherein the oligonucleotide 
15 was purified by gel filtration. 

13. The method of claim 1, wherein the oligonucleotide 
is capable of inhibiting growth of the bacterium in an MIC 
assay. 

14. The method of claim 1, wherein the oligonucleotide 
20 has been modified in at least one base, sugar or 

internucleotide linkage so as to increase nuclease 
resistance, stability, specificity or uptake by bacteria of 
the oligonucleotide. 

15. The method of claim 1, wherein the oligonucleotide 
25 is selected from at least one of the group consisting of: 

a) partially or fully substituted phosphorothioate 
oligonucleotides or analogues thereof; 

b) partially or fully substituted alkyl . 
phpsphonate oligonucleotides or analogues thereof; 

30 c) partially or fully substituted phosphate ester 

oligonucleotides or analogues thereof; 

d) partially or fully substituted phosphoramidate 
oligonucleotides or analogues thereof; 

ej partially or fully substituted 2* modified RNA 
35 oligonucleotides or analogues thereof; 

f ) - partially or fully substituted morpholino 
oligonucleotides or analogues thereof; 
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g) partially or fully substituted peptide nucleic 
acid oligonucleotides or analogues thereof; 

h) partially or fully substituted dithioate 
oligonucleotides or analogues thereof; 

5 i) partially or fully substituted 5' thio 

oligonucleotides or analogues thereof; 

j) partially or fully substituted propyne 
oligonucleotides or analogues thereof; 

k) chimerics of any combination of the above; and 
10 1) any chemical modifications of the 

oligonucleotide which leave the oligonucleotide capable 
of specifically binding the nucleic acid or protein. 

16. The method of claim 1. wherein the administration 
is selected from the group consisting of oral, intravenous, 

15 intramuscular, intraperitoneal, subcutaneous, intradermal, 
inhalation and topical administration. 

17. The method of claim 1, wherein the bacterium is 
gram positive. 

18. The method of claim 1, wherein the bacterium is 
20 gram negative . 

19. The method of claim 1, wherein the bacterium is 
acid fast. 

20. The method of claim 1, wherein the bacterium is a 
member of a genus selected from the group consisting of 

25 Aerococcus, Listeria, Streptomyces, Actxnomadura , 
Lactobacillus, Eubacterium, Arachnia, Mycobacterium, 
Peptostreptococcus, Staphylococcus, Corynebacterium, 
Erysipelothrix, Dexwatophilus, Rhodococcus, Bifodobacteriwn, 
Lactobacillus, Streptococcus, Bacillus, Peptococcus, 

30 Micrococcus, Kurthia, Nocardia, Nocardiopsis, Rothia, 

Propionibacteriujn, Actinomyces, Bnterocoecus , Pneumococcus, 
and Clostridia. 

21. The method of claim 1, wherein the bacterium is a 
member of the genus Staphylococcus. 

35 22. The method of claim 21, wherein the bacterium is 

Staphylococcus aureus. 

« 
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23. The method o£ claim 1, wherein the bacterium is 
member of the genus Pseudomonas. 

24 . The method of claim 1, wherein the bacterium is 
member of the genus Klebsiella. 
5 2S. The method of claim 1, wherein the bacterium is 

member of the genus Yersinia. 

26. The method of claim 1, wherein the bacterium is 
member of the genus Neisseria. 

27. The method of claim l, wherein the bacterium is 
10 member of the genus Serratia. 

28. The method of claim 1, wherein the bacterium is 
member of the genus Streptococcus. 

29. The method of claim 28, wherein the bacterium is 
Streptococcus pyogenes. 

15 30. The method of claim 28, wherein the bacterium is 

Streptococcus pneumoniae. 

31. The method of claim 1, wherein the bacterium is 
member of the genus Shigella. 

32 « The method of claim 1, wherein the bacterium is 
20 member of the genus HaempphiJus. 

33. The method of claim 1/ wherein the bacterium is 
member of the genus Mycobacterium. 

34. The method of claim 1, wherein the bacterium is 
member of the genus Helicobacter. 

25 35. The method of claim 1, wherein the bacterium is 

member of the genus JSnterococcus. 

36. The method of claim 1, wherein the bacterium is 
member of the genus Vibrio. 

37. The method of claim 1, wherein the bacterium is 
30 member of the genus Salmonella. 

38. The method of claim 1, wherein the bacterium is 
Pneujnococcus . 

39. The method of claim 1, wherein the bacterium is 
Escherichia <:oli . 

35 40. A composition comprising a pharmaceuti^ally 

acceptable carrier and a substantially nuclease resistant 
oligonucleotide having about 6 to about 80 nucleotides and 
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targeted to a nucleic -acid or protein in the bacterium in an 
amount sufficient to alleviate a symptom of the infection. 

41. The composition of claim 40, wherein the nucleid 
acid or protein is involved in the synthesis, metabolism* 

5 assembly or regulation of at least one of rhe group 
consisting of energy, ONA replication, cell division, 
regulatory proteins, cell walls, sugars, virulence, fatty 
acids, mRNAs, tRNAs, rRMAs, ribosomal proteins, proteins 
involved in protein synthesis, phospholipids, periplasmic 
10 proteins, secretory proteins, flagellar proteins, transport 
proteins, amino acids, lipopolysaccharides, purines, 
pyrimidines, pili, outer membrane proteins, nitrogen, 
antibiotic binding proteins and vitamins. 

42. The composition of claim 40, wherein the 

15 oligonucleotide is capable of associating with a nucleic acid 
or protein in the bacterium such that it inhibits at least 
one of the group consisting of bacterial growth, 
reproduction, metabolism, synthesis of toxins, progress of 
infection and virulence. 

» 

20 43. The composition of claim 42, wherein the 

associating is hybridizinig to an mRNA in the bacterium at or 
near the initiation codon, in the S' untranslated region,' in 
the 3' untranslated region, internal to the coding region or 
an intermediate region of the mRNA. 

25 44. The composition of claim 42, wherein the 

associating is hybridizing to DNA in the bacterium. 

45. The composition of claim 44, wherein the 
hybridizing forms a triplex structure. 

46. The composition of claim 42, wherein the 

30 associating is binding with a protein in the bacterium. 

47. The composition of claim 40, wherein the^ 
oligonucleotide hybridizes to any one of the operons listed 
in Table 1. 

48. The composition of claim 40, wherein the 

35 oligonucleotide hybridizes to any one of the genes listed in 
Table 1. 
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49. The composition of claim 40, wherein -the 
oligonucleotide comprises a sequence drawn from SEQ ID NOS. 
1-176 of the Sequence Listing or a functional equivalent 
thereof. 

5 50. The composition of claim 40, wherein the 

oligonucleotide has been purified by a method comprising at 
least one method from the group consisting of diaf iltration, 
gel filtration, high performance liquid chromatography, fast 
performance liquid chromatography, alcohol precipitations or 
10 alcohol extractions followed by echanol or chloroform 

extractions. 

51. The composition of claim 40, wherein -the 
oligonucleotide was purified by gel filtration. 

52. The composition of claim 40, wherein the 

IS oligonucleotide is capable of inhibiting growth of <hB 
bacterium in an MIC assay. 

53. The composition of claim 40. wherein the 
oligonucleotide has been modified in at least one base, sugar 
or intemucleotide linkage so as to increase nuclease 

20 resistance, stability, specificity or uptake by bacteria of 
the oligonucleotide. 

54. The composition of claim 40, wherein the 
oligonucleotide is selected from at least one of the group 
consisting of: 

25 a) partially or fully substituted phosphorothioate 

oligonucleotides or analogues thereof; 

b) partially or fully substituted alkyl 
phosphonate oligonucleotides or analogues thereof ; 

c) partially or fully substituted phosphate ester 
30 oligonucleotides or analogues thereof; 

d) partially or fully substituted phosphoramidate 
oligonucleotides or analogues thereof; 

e) partially or fully substituted 2* modified RNA 
oligonucleotides or analogues thereof; 

35 f ) partially or fully substituted morpholino 

oligonucleotides or analogues thereof; 

a 
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g) partially or fully substituted peptide nucleic 
acid oligonucleotides or analogues thereof; 

h) partially or fully substituted dithioate 
oligonucleotides or analogues thereof; 

5 i) partially or fully substituted 5' thio 

oligonucleotides or analogues thereof; 

j) partially or fully substituted propyne 

oligonucleotides or analogues thereof; 

k) chimerics of any combination of the above; and 
1) any chemical modifications of the 

oligonucleotide which leave the oligonucleotide capable 

of specifically binding the nucleic acid or protein. 

55. The composition of claim 40, wherein the bacterium 

is gram positive. 
15 56. The composition of claim 40, wherein the bacterium 

is gram negative. 

57. The composition of claim 40, wherein the bacterium 

is acid fast. 

58. The composition of claim 40, wherein the bacterium 
20 is a member of a genus selected from the group consisting of 

Aerococcus, Listeria, Strepcomyces, Actinomadura, 
Lactobacillus, Eubacterium, Arachnia, Mycobacterium, 
Peptostreptococcus. Staphylococcus, <:orynebacterium, 
Erysipclothrix, Dermatophilus, Rhodococcus, Bifodobacterium, 
25 XiactobacilJus, Streptococcus, Bacillus, Peptococcus, 
Micrococcus, Kurthia, Nocardia, Nocardiopsis, Rothia, 
Propionibacterium, Actinomyces, Enterococcus , Pneumococcus, 

and Clostridia. 

59. The composition of claim 40, wherein the bacterium 

30 is a member of the genus Staphylococcus. 

60. The composition of claim 40, wherein the bacterium 
is Staphylococcus aureus. 

61. The composition of claim 40, wherein the bacterium 
is a member of the genus Pseudomonas. 

35 62. The composition of claim 40, wherein the bacterium 

is a member of the genus Klebsiella. 
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63, The composition of claim 40, wherein the bacterium 
is a member of the genus Yersinia, 

64. The composition of claim 40, wherein the bacterium 
is a member of the genus Neisseria, 

5 65. The composition of claim 40, wherein the bacterium 

is a member of the genus Serratia. 

66. The composition of claim 40, wherein the bacterium 
is a member of the genus Streptococcus. 

67. The composition of claim 66. wherein the bacterium 
ID is Streptococcus pyogenes. 

68. The composition of claim 66, wherein the bacterium 
is Streptococcus pneu/noniae. 

69. The composition of claim 40, wherein the bacterium 
is a member -of the genus Shigella. 

15 70. The composition of claim 40, wherein the bacterium 

is a member of the genus Hae/nophil us. 

71. The composition of claim 40, wherein the bacterium . 
is a member of the genus Mycobacterium. 

72. The composition of claim 40, wherein the bacterium 
20 is a member of the genus Helicobacter. 

73. The composition of claim 40, wherein the bacterium 
is a member of the genus Enterococcus. 

74. The composition of claim 40, wherein the bacterium 
is a member of the genus Vibrio. 

25 75. The composition of claim 40, wherein the bacterium 

is a member of the genus Saimoneila. 

76. The composition of claim 40, wherein the bacterium 
is Escherichia coli. 

77. The composition of claim 40, wherein the bacterium 
30 is Pneumococcus. 

■ * ■ ■ 

78. A compound, comprising: 

a) an antibiotic; and 

b) a substantially nuclease resistant oligonucleotide 
having about 8 to about 80 nucleotides and targeted ^o a 

35 nucleic acid or protein in a bacterium, 

wherein said antibiotic is covalencly linked ^o said 
oligonucleotide. 
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